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Introduction 
All l i v ing beings in n a t u r e , p l a n t s a n d a n i m a l s a l ike , a r c directed by t w o f u n d a m e n t a l 
l aws of n a t u r e , t he inst incts of s e l f -p r e se rva t i on a n d of r ace -p re se rva t ion . T h e ins t inct of 
s e l f -p rese rva t ion assures the vege ta t ive l i fe of the i n d i v i d u a l , while t he ins t inc t of race-
rese rva t ion the su rv iva l of t he race. This d o u b l e process is rea l ized in Un ice l l u l a r o rgan i sms 
y the same i n d i v i d u a l whi le in Mul t i ce l lu l a r s vege ta t ive l i fe is assured by the so-cal led 
vege ta t ive cells o r organs , a n d the s u r v i v a l of t he r ace b y the sexual , r e p r o d u c t i v e cells o r 
organs . A single cell o r i n d i v i d u a l is su f f i c i en t t o p r o v i d e f o r vege ta t ive l i fe , whe reas sexual 
p r o p a g a t i o n i n v a r i a b l y requires the fus ion of t w o con t r a s t i ng , + a n d —, in the wides t in te r -
p re t a t i on of a male a n d a f e m a l e cell . 
In the f o l l o w i n g we p ropose to i nves t i ga t e the p a t t e r n s of the sexual r e p r o d u c t i o n in 
the vege tab le k i n g d o m , a n d p a r t i c u l a r l y of t he p l a n t s l iving in f resh w a t e r a n d on l and . 
These p a t t e r n s of sexual p r o p a g a t i o n s h a v e been rea l i zed in the d e v e l o p m e n t of t he te r res t r ia l 
f lo ra d u r i n g a pe r iod of t w o to f o u r t h o u s a n d mil l ion years , a l w a y s by a necessary a d a p -
ta t ion to e n v i r o n m e n t a l cond i t i ons of l ife. W e do no t p ropose to ex tend inves t iga t ions t o 
the h i s to ry of d e v e l o m p e n t of t he sexual p r o p a g a t i o n of m a r i n e p l a n t s this t ime , because ¡11 
our op in ion the d e v e l o p m e n t of te r res t r ia l a n d fresh w a t e r vege ta t ion in the course of 2 t o 
-1 t h o u s a n d mil l ion years i n t e rvened i n d e p e n d e n t l y of the d e v e l o p m e n t of see-weeds (GREGUSS, 
AXELROD). I t should be n o t e d , h o w e v e r , t h a t t he p l a n t s of t he seas essent ia l ly a n d by 
necessity r eached the same degree of d e v e l o p m e n t as d id the p h a n e r o g a m s on l a n d by our 
days. H e r e w e w a n t to po in t to the comple t e ly s imilar processes of t he a l t e rna t i on of gene-
rat ions w h i c h in te rvened in the in f in i t e course of t imes para l le l t o each o the r a n d in t h e 
same w a y bo th in the seas a n d in f resh wa te r s a n d on l a n d . (SeA-Flagellatae, f r e s h - w a t e r 
Flage/latae; Cutleria-Muscil Dictyota-Puridophyta; Laminaria-Gymnospermac and Angio-
spermac.) 
Simi l a r ly we do not dwel l on the sexual p r o p a g a t i o n s of Fungi and Lichen because 
they gene ra l ly agree wi th the r e p r o d u c t i o n in t h e f r e s h - w a t e r Algae; m o r e o v e r , t he Fungi 
* T h e a u t h o r was r ead ing this pape r at t he U n i v e r s i t y of G r e i f s w a l d and R o s t o c k a n d 
at t he Highschoo l of Pedagog ic P o t s d a m (in G e r m a n y ) at t he U n i v e r s i t y of C l u j a n d Bueuresr i 
(Roumat i i e ) a n d the H u n g a r i a n Geologica l Socicty a n d the H u n g a r i a n Biological Socie ty , 
in I n d i a L u c k n o w , D e l h i a n d B o m b a y . 
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did not p l a y 3 decisive role in the deve lopment of C o r m o p h y t e s , at best they l ived w i th 
them in symbiosis. 
In the simplest unicel lu lar f r e sh -wa te r and l and p lan t s of course the sexual act could 
not h a v e been in the past nei ther is it at present so compl i ca t ed and of such high o r d e r as 
among the most developed plants , but the essence is the same both in the unicel lu lar and in 
the highest terrestr ial phanerogams. 
T o become acqua in ted wi th the thousand mil l ions of years old history or phi logeny 
of the sexual p ropaga t ion of land p lan ts , i. e. of t h e f o r m a t i o n of the d i f f e ren t d e v e l o p m e n t a l 
stages of sexual i ty , invest igat ion must be started r ight at the beginning, where t h e first trace? 
of sexual i ty can be conjec tured , t o g radua l ly proceed t o w a r d s ever more developed condi t ions 
Where docs the state appear for the first t ime, where does it begin, in which a l r e a d y tin-
contras t of sexual i ty , its t w o fo rms , t h e male and f e m a l e sexes can be suspected to exis t ; 
Contrasts in nature 
Accord ing to the ancient Greek phi losophy, bu t also accord ing to the ph i losophy of 
HEGEL, ENGELS and MARX, there is a constant con t ra s t be tween ob jec t ives a n d p h e n o m e n a 
of n a t u r e , and f rom this constant cont ras t evolut ion and progress a r e born . These cont ras t s 
are v e r y f r equen t not only in i nan ima te na tu re but also in the life or organic wor ld a n d one 
might even state that this is the general law. We m a y point in this respect to posi t ive and 
negative magnet ism in physics, to the so-called d ipole-sys tems o r to the + and — electr ic i ty 
where the t w o k inds of energy are of opposi te na tu r e , w h e r e the electric charges of t h e same 
kind repulse while those of d i f f e r e n t k ind a t t ract each o the r and when they merge , a th i rd 
phenomenon , e. g. an electric discharge ensues. W h e n , on the o the r hand , the t w o are present 
to an identical degree, there is a p p a r e n t rest. T h e essence in both cases is t ha t the same 
kind of energy has t w o essentially d i f f e r e n t fea tu res and both are cha rac te r i zed by the 
repulsion of the same k ind and by the a t t rac t ion of the d i f f e r e n t k inds or the i r readiness 
for fus ion respectively. 
In chemistry the same law of n a t u r e prevails . The compounds are genera l ly acid o r 
a lkal ine , possibly neut ra l . Acids a n d bases have con t ras t ing fea tures and there fore they eagerly 
unite, p r o d u c i n g a new m a t t e r , ( ampho te r ) a salt . In the salt the re is something of bo th 
compounds , still it d i f fe rs f rom both of uni t ing c o m p o u n d s (KoSOj) . And if in the resu l t ing 
salt one of the components somewha t prevai ls ove r the o ther then possibly an acid salt 
(KHSO-i) or an alkaline salt [ C a ( O H ) C l ] originates. W e n:ay also re fe r to the p h e n o m e n o n 
of intersex or of the prevalence of male or female cha rac t e r in the o rgan ic wor ld . 
T h e r e are such contras ts , however , no t only be tween the var ious compounds , bu t t h e 
same c o m p o u n d may have so called isomeric forms where there arise cer ta in con t ra s t s in the 
c o m p o u n d s in the mu tua l re la t ionship of individual e lements or groups of e lements , in their 
special c o n f i g u r a t i o n ; they may be possibly the ref lec t ions of each o ther and all these a p p e a r 
also in the charac te r of the c o m p o u n d . O n e ol the isomeric compounds e. g. tu rns the p l ane 
of the po la r light to the r ight , the o ther to the lef t . Among the salts o r ig ina t ing f r o m the 
in terac t ion of acids and bases the meta l represents a n d carries of t r ans fe r s the e lec t r ic i ty 
which fo r instance in electrolysis segregates at the — po le while the acid radical t ransfer? 
the — electricity segregating a t the 4 pole. T h u s also in chemical processes the essential 
f ea tu re is tha t invar iab ly cont ras t ing forces act a n d a new c o m p o u n d d i f f e r e n t f r o m t h e 
others is born f r o m the in terac t ion . 
It is ano the r well k n o w n f ac t e. g. t h a t the re la t ionsh ip between cis and t r a n s c roce t in -
di mc thy l is ter fo r instance in the male individuals of Chlamydomonas encamaos is 3 to 1 
while in the female ind iv idua ls I to J and a s ignif icant change of this re la t ionsh ip might 
change the charac te r of the sexual i ty as well. From this on the o ther hand it may be infer red 
that in the living organisms there a r e similar or may be ident ical c o m p o u n d s as in the 
i n an i ma t e wor ld so that there is no essential d i f f e rence be tween the t w o spheres in this 
respect. In the living organisms a n d general ly in the c o m p o u n d s of the l iving subs tance the 
same physical (electricity, magnet i sm) a n d chemical processes ( replacement reac t ions) t ake 
place as in the inan imate ( inorganic) substances. If it is so, however , the idea m a y be raised, 
and p rope r ly , t ha t perhaps a t the origin of organic w o r l d , w h e n f r o m the inorganic ma t t e r s 
organic compounds and f rom the la t ter living substances deve loped , en t i re ly s imilar and 
possibly even identical processes took place as those which we can observe in o u r in the 
inorganic and organic wor ld . 
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Stage I, The origin of living substance 
There can be and as a matter of fact is no doubt ¡n our time that the 
development of the organic world started from the inorganic compounds. But 
as to how the first steps, the first attempts might have occurred, is widely open 
to discussion. We do not propose to deal with the various theories on this 
subject but accept as a postulate the statement that the living matter derives 
from the inert and his inorganic elements, and anyhow these first attempts 
took place, the fundamental principle i. e. the contrast between the elements 
and compounds existed already between the simplest elements and compounds. 
Electricity and magnetism were active in them from the very beginning and 
thus the possibility was given from the outset that more complex compounds 
could develop from the simplest ones, first simple and than more and more 
complicated organic compounds from the inorganic substances and finally 
from the inert and thus inorganic elements, and anyhow these first attempts 
could originate. According to the present state of science and also to individual 
opinions the most important constituents of this living matter could have been 
compounds of the nucleic acid type which arc full of the most various dipole 
systems, to mention nothing else than the dipolic arrangement of the water 
molecules in them. The more complex a compound is, the more and the more 
various isomers it may possess, and might have possessed in the past, the 
fundamental principle, the chemical or electrical attraction and repulsion hav-
ing remained in all of them. All this processes are likely to have taken place 
in a liquid and warm environment. From the increasingly more and more 
various isomers of the many kinds of compounds gradually organic matter 
complexes, so-called coacervates, and from these protoplasm type substances 
characteristic of the living matter separated, which as viewed at the light of 
modern science could be regarded already as the beginning of life. In this 
plasmatic matter gradually a nuclear substance started to form until finally 
the incrcdible variety of unicellular living beings developed upon the action 
of environmental factors. Since these primary cells had also been constituted 
by compounds and in the compounds, as an ancestral nature of law, the two 
contrasting effects, attraction and repulsion as well as the principle of fusion 
continued to exist, so already in the protoplasms separated into the most 
primitive cells the conccquence of the positive and negative separation and 
fusion respectively existed, which ultimately may be considered already as the 
most rudimentary manifestation of the two sexes. 
Stage II. Virophyta 
It must be presumed that this sort of phenomena occur already in the 
viruses which are at the limit of life, since they also exhibit the f and — 
character. The Virophyta can not be qualified with certainty as living beings 
or inert matter. Science had established that they have some features suggestive 
partly of living organisms (propagation) while others point to inanimate matter 
(minerals). As to their propagation it only takes place in living cells or organisms, 
without showing, however, the least external mark of sexual reproduction. 
They show the firrt manifestation of sexuality in as much as contrasting com-
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1. Simpli f ied WATSON—CRJCK model on the s t ruc tu re of the D N A molecule. In the 
double spiral run the ribose and phosphor ic acid radicals whi le a long the pe r -
pendicular lines the pur in and pvr id in r ings a r e a r r a n g e d which arc l inked wi th 
t w o hydrogen bonds . 
2. Schematic i l lus t ra t ion of the spiral se l f - reproduct ion of D N A . 
3. T h e D N A " increase" of the bacter ium X m a r k s the p lace of heavy n i t rogens in 
the D N A of the "pa ren t " ' (P) bacter ia , whi le Ft a n d Fit designate the " l abe l l i ng" 
of D N A or ig ina ted in the first and second genera t ions , 
a ) T h e t w o th reads of the D N A separate and f r o m the basic compounds the c o m p l e m e n -
t a r y th read develops . 
b) H y d r o g e n bonds between the individual p u r i n and p y r a m i d in bases. (CsÁNVt, T e r -
més ie t t u d o m á n y i K ö z l ö n y 1962). 
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pounds, groups of compounds or their isomeric forms may exist in them, since 
for instance one strain of the same bacteriophage only attacks F—, while its 
other strain F + individuals contrasting to the former. This contrast, according 
to most recent investigations, can be traced back to the chemical composition 
of DNA, It is known to-day beyond doubt that D N A is a large-molecule chain 
type matter that (except for some vira) transmits the hereditary informations 
from cell to cell and, in the course of the increase of the organisms, from parent 
to progeny. Some sections of the DNA chain can be already considered as 
essentially identical with the units of hereditary transmission, the genes. Thus 
the two spiral and scalar constructions of DNA (Fig. 1.) to all probability 
already represent the two opposite sexes, as evidenced at least by experiments 
with bacteria. 
Such conditions might have prevailed in the history of the Earth about 
two to three thousand million years ago in the so-called azoic age. 
Stage III. Anucleophyta 
a) Bacteria 
Evolution of the terrestrial life and the conquest of the continents essenti-
ally begins when the inorganic matter that became living assumes a cellular 
structure but no definite nucleus or chromosomes are developed in the cell as 
yet. The most characteristic representatives of this stage are Bacteria and blue 
algae (Cyanophyta). 
The vegetative propagation of Bacteria occurs in the simplest way by 
simple division. When the individual divides in two parts, two individuals of 
thé same kind develop from each half as that from which they themselves 
derive. This process then reiterates in an infinite number of cases, while 
the progeny remain both morphologically and physiologically equivalent 
to each other. The Bacteria do not possess a definite nucleus as yet, only 
a diffuse, protein type substance in which thymonucleic acid, DNS, is the most 
important compound and which to all probability has already a certain role 
in transmission by heredity. According to most recent investigations, in Bacteria 
already pairing occurs to a certain extent (Fig. 5.) which may be considered 
as a primitive manifestation of sexual propagation. But if there ¡s sexual pro-
pagation, it can be traced back to the contrasting F + and F— nature of the 
protoplasms or protein type compounds of the two merging cells and to the 
receding in distance of the two lines of the DNA spiral or their completion 
respectively (Fig. 4.). Thus among the bacterium individuals besides the che-
mical dimorphism some kind of sexual dimorphism, a physiological dimorphism 
takes shape, which appears more distinctly in the plants of cellular and nuclear 
structure. 
b) Cyanophyta 
Essentially the same phenomenon is observed in Cyanophytes where in cell 
division central protein type particles and others suggestive of nuclei are forming. 
No perceptible sexual reproduction is known though in Cyanophytes; the se-
paration of the nucleus type substance comes to pass in a very simple way, by 
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Fig. 5 
Fig. 4. T h e 3 types of Bacteria, In the cells b lack detai ls m a r k the c h r o m a t i n o m o u s sub-
stance and its d i f f e r en t i a t i on (According to CHAOEFAULJ}. 
Fig, 5. Bacillus megatherium. Between the t w o cells a c o n j u g a t i o n s ! canal fo rms . {Accord-
ing to OiAUEFAUD, d r a w i n g a f t e r the pho tog raph of LAMATER). 
f i g . 6, Cyanopbyceae. In the cells the ch roma t inomous substance (ca) is ind ica ted by the 
details in black. 1. Oicillatoria terebrijormis (Ac . ) GOMQNT. I I . Cboococcus hel-
ve tit us NAEG. I I I . Phormidium Retzii ( A c . ) GOMONT; ca ch roma t inosomes ; the 
place of eel! division is a (Accord ing to CHADEFAI'D). 
Fig. 6 
c a — - A 
T 
c -
division (Fig. 6). The so called sexual chromosomes representing the sexual cha-
racter did not develop either, so that sexuality can be traced back at best, 
similarly to the phenomena observed i.? Bacteria, to the effect of the two lines 
of the DNA spiral. All parts of the cells developed in division are completely 
equivalent both from the morphological and physiological points of view. It is 
incompletely understood whether a sexual dimorphism exists or not among 
Cyanophyte individuals; but a chemical sexual dimorphism may be surmised 
on the analogy of Bacteria to all probability. 
Such conditions might have prevailed in the azoic age of the Earth in the 
so-called Praecambrium, about 1000 million years ago. 
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Stage IV. Monadophyta 
In the unicellulars with cell nucleus, the Monadophytes, a more developed 
state of sexuality appears more markedly and a further step can be noted as 
against the previous condition. All unicellular organisms may be generally 
designated as Monadophyta, irrespective of whether they belong to the various 
systematic groups such as Flagellatae or Chlorophyceae. Among the unicellular 
organisms besides the asexual, simple division, various degrees of the manife-
station of sexuality can be observed which could have been developed only from 
the previous forms. These developmental stages are isogamy, homogamy and 
anisogamy. When Unicellulars are merging with each other, they can be already 
considered virtually as sexual cells, which are either isogametes, or homogametes 
or anisogametes (heterogametes). Those unicellular individuals which separate 
into both physiologically and morphologically equivalent gametes may be called 
isogametangia, as well, whereas those in which morphologically identical but 
physiologically different pairing cells arise, homogametangia and finally those 
in which morphologically different minor or major gametes develop, anisoga-
metangia. 
Isogametes 
The isogametes are morphologically entirely, but physiologically only nearly 
identical. In these organisms the two kinds of sexual character is present to an 
equal extent; the chromosomes representing sexuality, to all probability did not 
develop yet; it seems that DNA, the compound determining the sexual character, 
did not separate yet in distinct chromosomes, but it is already present in the same 
nucleus. Whenever vegetative division of the individuals takes place in the two 
individuals that originated not only the particles of the protoplasm but also the 
compounds carrying sexuality, so the isomeric DNA too arc equally localized. 
When, on the other hand, fusion takes place, amphoteric individuals both mor-
phologically and physiologically, i. e. also as to compounds entirely equivalent 
arise at division. This is the same phenomenon as observed when from the inter-
action of acids and bases a neutral salt develops. Among the Flagellates this is 
a rather common phenomenon. E. g. the zygote of Stephanosphaera pluviatilis in 
condition of rest at the reduction — division within the hermaphrodite cell 
separates into gametes which are morphologically similar, but physiologically 
likely to be dissimilar and which unite still within the mother cell. Thus the 
individuals can be considered essentially as monoecious. 
Homogametes 
It marks a higher degree of evolution, when the individuals or gametes 
though externally equal and similar to each other, are physiologically already 
definitely different. In these organisms the DNA determining the sexual cha-
racter in reduction division segregates in two contrasting isomers, as was seen in 
Bacteria, so that half of the gametes developed received DNA representing + 
character, while the other half got DNA of — character. Simultaneously also 
the so-called sexual chromosomes which are carrying them, have separated 
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(haploid section). These haploid individuals after vegetative division never unite 
with individuals carrying the same sexual character but only with the opposite 
ones. This is evidenced by the fact that if these individuals repeatedly form game-
tangia, the individuals (gametes) developing from these always become united 
with gametes arising from the different individuals, never with their „twins". 
The originating diploid zygote either continues to float (planozygote) or losing 
its cilia immediately retires to rest and transformed at the reduction division into 
gametangium separates in two male and two female individuals with physiologi-
cally different (positive and negative) chromosome sets (Chlorogoniurn euch-
lorum, Ch. elongatum, Ch. neglectum, Gonium pectorale. — Fig. 7). These two 
kinds of individuals (gametes) are morphologically entirely identical and differ 
only physiologically, so they are dioecious. The physiological difference to all 
probability must be traced back again to the influence of DNA, possibly upon 
the effect of the more intensive light. Thus these gametes substantially di tfer from 
the isogametes and therefore may be regarded as homogametes, whereas the indi-
viduals engendering them, as homogametangia at the rime when they do engender 
them. The homogametes or homogametangia respectively represent the second 
developmental degree as against the isogametes or tsogametangia, i. e. the 
dioecious form against the monoecious. Several examples of this are known also 
from the Flagellates. 
Anisogamy 
Evolution made a further step by the realization of anisogamy. In this 
developmental stago the gametes not only physiologically but also morpholo-
gically differ from each other, i. e. sexual dimorphism subsequently to the 
dimorphism of chromosomes has spread to the morphology of individuals, 
essentially also to the form of the gametes, so that gamete dimorphism ensued 
(Fig. 7). A number of classic examples are known for this particularly in 
Chlamydomonas and Chlorogoniurn (Chlamydomonas fonticola, Eudorina 
elegans) and in some cases evolution goes so far that the cell content of the one 
individual actually develops into a true immobile ovule (oogonium) in Chloro-
goniurn oogamum while the other cell disintegrates into an infinite number of 
biciliare, so-called microgametes (Fig. 7). Consequently, already here the stage of 
historical evolution occurred in which the female gamete has finally lost its 
mobility, became immobile and maintained this condition of immobility during 
the history of evolution even in the most developed terrestrial phanerogams. The 
male gametes, however, retained mobility with the aid of their cilia as long as 
fresh water has been the medium between the two kinds of sex and had lost this 
capicity only when in the gymnospermous and angiospermous condition wind 
and insects took over the mediatory role. 
The essential in the Unicellulars is, consequently, that the individuals are 
either monoecious and, when pairing isogametes, or dioectious and when they 
unite either homogametes or anisogametes. The establishment of these three 
developmental stages as soon as in the unicellular condition is the more important 
because it repeatedly occurs according to the same pattern in the history of 
evolution of the vegetable kingdom. It had to repeat itself by necessity, because 
it is the fundamental law in the history of evolution of sexuality. 
Evolution makes a further step e. g, in the case of Eudorina, when separate 
male colonies develop, breeding spermatozoids, while in another colony only 
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individuals, gametes ot female character develop. The spermatozoids released 
from the male gametangia surround the female colonies, uniting with and 
fertilizing them (primitive allogamy). The result of the fertilization consists in 
several unicellular zygotes which secrete a thick wall around themselves to start, 
after a certain period of rest, reduction-devision. From the 2 male and 2 female 
individuals (tetrades) originating thus only one develops further while the three 
other brothers degenerate. Accordingly, the remaining fourth individual can be 
either of male or of female character. In the final result half of the zygotes 
developed from the female colonies, assumes a male the other half female 
character. Hereby the sexual dimorphism advanced again by a step because 
physiological dimorphism appears now not only among the colonies, i. e. cell 
groups but also between zygotes. 
Essentially the same process occurs in the dioecious Volvox dioicus. Also in 
the Volvox monoecious and dioecious colonies occur (Volvox globator) among 
whose vegetative cells antheridia of male character and oogonia of female 
character appear. The spermatozoids ripen earlier than the eggs and only excep-
tionally fertilize their own egg, when autogamy ensues (though allogamy is more 
general). In the dioecious forms reduction-division of the zygote occurs whereas 
the zygote of the monoecious forms after the first heterotypical cell division 
immediately develops into monoecious colony. 
In Flagellates — as shown above — the condition of Volvox and Eudorina is 
most developed where sexual differentiation is realized not only between the 
individual gametes but also between colonies. Spherical cell association trend 
seems to have reached herewith its highest degree; it actually did not develop 
further, the developmental trend simply came to an impasse. 
Besides the spherical cell association form nature tried out also another 
potentiality, when the cells after their divisions rallied not in spherical colonies 
but in cell-filaments and lamellae. Evidently this direction was more suited for 
evolution because starting from the unicellular organisms a further evolution 
ensued, and first the cell filament than the cell lamellar and cell corpuscular 
Algae developed (Fig. 8). 
A B C 
Fig. 8. Chlamydomonas senata. T h e zygote first d iv ides w i th an ob l ique wal in t w o par t s . 
A) the obl ique wall subsequently assumes a h o r t / o n r a l posi t ion B) then it r epea ted ly 
d iv ides with a hor izonta l wall and hereby a shor t ce l l - row or ig inates . C) T h e 
simplest pa t t e rn of cell f i l ament fo rmat ion . According to. PASCHFR. 
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The problem of sexuality 
In connection with the phenomena observed so far the question arises, why 
do gametes of different sex, organs of reproduction or individuals of different 
sex develop in nature, one of which exhibits male ( + ) the other female (—) 
character and generally what is the reason why invariably gametes and re-
productive organs of two opposite sexes arise which phenomenon is manifest not 
only in the simplest living beings in the Bacteria and in the most developed plants 
but in all living organisms. This question, the problem of the transmission of 
sexuality by heredity materializes in the strict regularity of the sexual pro-
pagation of living beings. Why is it that in nature once male, then again female 
individuals or two kinds of mating cells originate and that only these unite with 
each other? 
Already M E N D E L observed that sexuality is an inherent property of living 
beeings, exactly as e. g. size, colour or shape of peas. Recent research work 
revealed that besides the determining role of DNA, properties connected with 
sexuality are always linked in the nuclei with one or two chromosomes of definite 
size — the shape and size of which, however, is different from the others — the 
so-called sexual chromosomes or heterochromosomes, and that the sexual pro-
perties of the individuals arc always transmitted to the progeny through the 
instrument of these, as if all properties related to the sexual character were 
localized in these special chromosomes. In all plants and animals which are he-
terogamous and even in man, when the sexual cells develop, in the nuclei besides 
the other vegetative chromosomes (autosomes) one or two so-called sexual chro-
mosomes (x or y) are formed (Fig. 9). These sexual chromosomes are responsible 
for it, among others, that now male now female individuals develop and that 
certain properties are linked to one sex or the other. Why is it important to 
Fig. 9. Spbcrocarpus terrestris (Musci). 1n the m e t a p h a s c of r educ t ion -d iv i s ion X a n d Y 
chromosomes . First d ivis ion of t he pol len m o t h e r cell of Melandriurn album ( re -
duc t ion -d iv i s ion) a) e a r l y , b) la te a n a p h a s e , w i th sepa ra t ion of t he X a n d Y 
ch romosomes (accord ing to HARTMANN). 
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stress this regularity in the evolution of the vegetable kingdom from the very 
beginning, in the discussion of the simplest plants? Because in most of the living 
beings invariably such individuals or organs of propagation develop in which 
the sexual character always manifests itself in the appearance of the reproductive 
organs and in the finer structure of the gametes developing in them. 
The simple explanation of this phenomenon materializes in the fact that in 
the nuclei of the sexual cells of all heterogamous individuals at the origin of the 
sexual cells always a certain number of n chromosomes appear from which one is 
invariably the socalled sexual chromosome (x), while in the vegetative cells, 
the so called autosomes, the double number originates (nn + xx). This sexual 
chromosome has a different shape and size both in the male and female gametes. 
For instance in the vegetative cells of the female individuals (FF) there are 
a certain amount (2n) of chromosomes and two identical,' so called homologous 
sexual cromosomes (xx) (Figs. 10., 11). As a contrast, the male individual also 
Fig. 10. The scheme of the haplogenet ie sexual de t e rmina t ion e. g. in a d ioecious moss, 
A a n d G mark the male and female poten t ia l s . I-' is the rea l iza tor d i r ec t ing t h e 
female t rend and thus l imit ing the deve lopmen t of the male t r end . M is the r e a l i / a t o r 
of the male t r end . In d ip lophase (in the s p o r o p h y t e above) F a n d M a r e also p r e s e n t . 
M is the male real izator which p reven t s the female G potent ia l f rom d e v e l o p i n g ; 
t he re fo re G is cancelled (similarly the f e m a l e rea l i za to r F inhibits the male p o t e n t i a l , 
the re fore A is cancelled w i th doi ted lines). In reduct ion-div is ion one gone c o n t a i n s 
only F the o ther only M, whereas both conta in A a n d G . Consequent ly in the o n e 
case ( lef t ) F inhibits only A and as a result the gones o r spores and the g a m e t o p h y i e 
der ived f rom them will be female , ¡n the gone which contains M, only G wil l b e 
inhibi ted , consequent ly the result will be male, (Accord ing to GUTENBERG). 
t i g . I I . Diplogenet ica l sex de te rmina t ion in P h a n e r o g a m s , accord ing t o the Bryonia e x -
per iments of CORRENS. In all ind iv idua l s male a n d female po ten t i a l s (A and G ) 
arc localized. All female ind iv idua ls con ta in in a homologous pair of c h r o m o s o m e s 
a female rea l iza tor F so they are homogametes of female t r end . As a con t ra s t the 
males conta in t w o d i f f e ren t real izators , namely a f ema le d e t e r m i n a t o r F, a n d a 
male de t e rmina to r M, so the males a re he te rogamet ic ( f i rs t r ow of the sketches) . 
Consequent ly in reduct ion-div is ion in al l pol len mothe r cells t w o of the f o u r po l l ens 
are of the F and t w o of the M type (2. row) . At the fusion of the sperms wi th the 
egg when those con ta in ing F rea l iza tors are fe r t i l ized , f rom the fus ion of F w i t h 
— F a female p lant arises. If on the o t h e r h a n d M merges w i th F, a male i n d i v i d u a l 
or iginates , since the t rend inherent in F is s t ronger than in M, Lower row of t h e 
sketch (According to HAKTMANN). 
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contains 2n autosomes and besides x or x and y sexual chromosomes (MF). 
Accordingly in reduction-division most female individuals produce only one kind 
of sexual cells, ¡. e. gametes of female character (n + x) (F); this is why the female 
individuals are generally homozygous (FF). Most male individuals on the other 
hand are heterogametic (F and M) because they produce two kinds of sexual 
cells namely n + x and n i y or only n gametes. If e. g. the homozygous egg (F) 
(n + x) is fertilized by a male sexual cell of a similar chromosome set (F) ( n i x ) 
female individuals (FF) (nn + xx) would originate whereas if the homozygous 
cgg (F) (n + x) is fertilized by a different heterogametic sexual cell (M) (n + y), 
male individuals (MF) (nn— xy) would originate. Thus sexuality is determined 
in the first place by the sexual chromosomes and by DNA activity localized in 
them. And since in reduction-division gametes determining the two kinds of 
sexes originate to an equal ratio (50 ; 50 per cent), this is the explanation of the 
fact that in the vegetable but also in the animal kingdom the two sexes are 
represented more or less at an equal rate. This regularity which is based on strict 
cytological foundations had an important part in the course of the evolution of 
plants; it is a phenomenon accompanying evolution from the unicellular 
organisms to the most developed forms of the vegetable kingdom, the Angio-
spermae of the Phanerogams. Such aspects should determine our view of the 
phenomena related to sexuality among the unicellular organisms. Although nature 
had accomplished a wide range of variability among the unicellular organisms as 
to the aspects and transmission by heredity of sexuality, still in the final result 
all this must be traced back to the three ancestral types i. e. isogamy (monoecism), 
homogamy (dioecism) and anisogamy, which conditions have been directed 
always and everywhere by the forms of opposite effect of the various compounds, 
and DNA in the first place. The monadophyte condition in the history of the 
Earth attained its highest degree in the Praecambrium and Cambrium when the 
tour developmental stages referred to above had realized in incredibly manifold 
forms which is verified also by the infinitely varied forms of the recent fresh-
water and sea Unicellulars. 
Stage V. Algophyta 
Multicellular state. 
After this short digression let us revert to the unicellular organisms. The 
plant kingdom did not remain in this simplest unicellular state. The next step in 
evolution during a „try-out" of many million years was the association of cells, 
when the dividing cells after having originated did not completely separate 
from each other but remained in further contact and connection in colonies, 
cell-families, beside oneanother. This juxtaposition has been realized in the 
form of cell filaments, cell-lamellae (cell bodies) or spheres. In all three di-
rections the division of sexuality again continued in the ancient three types of 
isogamy (monoecism), homogamy (dioecism) and anisogamy (oogamy). Vol-
vocales exhibit the spherical degress of evolution (Pandorina, Eudorina, Volvox) 
while the possible evolutionary degrees of the cell filament and lamella state 
materialized within the Chlorophyceae (in the Ulotrichales, Si phonales types) 
with a great variety. It seems, however, that the sphorical trend was not a form 
suited for further evolution and reached its peak in Volvocales; instead or 
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besides the filamentous, laminar and cell body trends developed further because 
they were adapted to the conquest of fresh waters and of the continents. 
Branching forms. 
There is no doubt, neither can be, that the unicellular plants derived from 
the multicellular and, as referred to above, initially from the spherical or fi-
liform types respectively. The filiform type might have originated from the 
exceedingly varied unicellular organisms by repeated branching (Vaucheria, 
Fig. 12); or else the cells originating as a consequence of the one-way division 
Fig. 12. Three types of b ranch ing in Chlorophyceae. 1. Stigcodomum subiiligerum: m o n o -
podia! . 2. Vaucheria senilis: d ichotomous . 3. T h e whor l ed b ranch ing in Drapal-
naldiopsis indica. The stages of deve lopment are ident ica l , still there are three types 
of b r a n c h i n g . ( A c c o r d i n g t o PASCHER a n d CHADEFAUO). 
formed cell filaments (Cladophora, Ulotrix Drapalnaldiopsis) thus giving rise 
to organisms of primitive structure branching in different ways. Any kind of 
branching consists in an increase of surface which is favourable for the vege-
tative life of the plant; at the same time a possibility arises for cells and organs 
to come into being which would assure the production of progeny. 
It should be noted here that the various forms of branching started right 
from the unicellular plants and this trend as a basic principle remained up to 
the most developed plants. Since in our view, branching has a decisive role in 
the history of evolution of the vegetable kingdom, this problem must be briefly 
dealt with in order to facilitate understanding of what follows. 
When the cells divide in one direction of space with transversal walls or 
possibly with apical cells, actually non branching cell filaments originate. Several 
such forms are known among green algae (Spirogyra, Zygnema, Ulotrix etc.). 
Branching occurs when the cells or cell-groups formed increase in two or three 
directions of the space and in the meantime assume various forms. 
Some unicellular Vaucheria e. g. are branching repeatedly and dichotomi-
cally. This is the dichotomical branching. In the filamentous algae Cladophora, 
Bulbochaete at the meeting of the terminal cell-walls lateral filaments originate 
which, however, are always younger and less developed than the main branch 
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from the side of which they came into being. Thus here a central axis (mono-
podium) exists from the side of which the lateral branches originate. This is 
the monopodiat branching (Fig. 12). 
The filamentous Drapalnaldia or the recently discovered Drapalnaldiopsis 
indica also have a central filament axis which, however, consists of regularly 
short so-called nodial and much longer internodial cells. From the short nodial 
cells, i. e., from the same height, several secondary but equivalent lateral 
filaments originate. Consequently this branching essentially differs from the 
first two, from the monopodial and dichoiomous. This ancient primitive form 
of branching is termed as %uborled or verticillate. Comparison of the three forms 
of branching reveals that all three are characteristic to such a high degree 
according to the author on this degree, that none can be derived from the other. 
The attempt to derive monopodial branching directly from dichotomical bran-
ching by an overgrowth of branch Is not valid and lacks all positive evidence. 
Similarly the verticillate branching can not be derived either from the mono-
podial or from the dichotomical. All three kinds of branching are ancestral 
types the simplest form of which can be found even in our days among the 
fresh water algae of filamentous structure. This phenomenon also proves that 
the evolution could have started from the unicellular condition towards the 
filamentous stage in the fresh water at the very beginning in several directions, 
i, e. the trend of evolution within the green algae could have been polyphyletic 
right from the beginning. 
To this finding it should be immediately added that the same types of 
branching are realized in sea weeds which supports the assumption that the 
further development of the branches of fresh water algae could have occurred 
independently of the development of sea weeds. Among sea weeds too these three 
types of branching have materialized because only these three main types are 
possible. But to whatever branching type the fresh water Algae may belong, 
they agree in that the gametes assuring sexual reproduction form on the same 
individual, when they are monoecious, or on two similar individuals, when they 
are dioecious, or on two individuals of different form (anisogamy). All three 
developmental stages within the Algae are actually replicates of those funda-
mental states which were observed in unicellular organisms except for the sexual 
acts having been already transferred from the single cells — as a consequence of 
division of functions among the cells — to more developed states assuring better 
possibilities for further evolution, namely to the cell filaments or lamellae, cell 
bodies respectively. 
In the monoecious, multicellular, filmentous individuals the haploid gametes 
of the same size and of opposite chemical character merge in the water into an 
unicellular diploid zygote which unicellular zygote after a shorter or longer 
state of rest undergoes a single reduction division and the haploid cells formed 
grow into haploid cell filaments. The sporophyte — i. e. the diploid generation 
— is in this case only unicellular (1) as against the gametophyte that possibly 
consists of an infinite number of cells Thus from the zygote only one kind 
of filoments develop which are of hermaphrodite character. This is observed 
e. g. in the monoecious green alga Acrohaete re pens or in the monoecious Oedo-
gonia or in the monoecious Bulbochaetc (Fig. 13). 
In the dioecious filamentous algae the position is essentially the same, with 
the difference that here male and female gametes are produced by different 
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(¡laments. Both filaments and gametes are morphologically similar to each other 
and exhibit only physiological differences. From the fusion of morphologically 
similar but physiologically different haploid gametes in this case too only a 
unicellular diploid zygote arises which for a shorter or longer period goes to 
rest to give rise subsequently after reduction division to half male half female 
type but morphologically similar filamentous individuals from the haploid cells, 
these zygotes are morphologically completely identical (isozygotic) and differ 
only cytologically, namely in the different chromosome structure from the 
isozygotes. Therefore they are called, to distinghish them, on the analogy of the 
term homogamete: homozvgotes. 
This stage of development is realized particularly in the dioecious Bulbo-
chaete, Qedogonttim, Vaucheria, in the dioecious, Drapalftaldia. The + and — 
character is induced also in these cases, to all probability, by the compounds 
determining sexuality, mainly by DNA, within the nucleus; these compounds 
are arranged and localized respectively in the so called sexual chromosomes that 
determine sexuality. 
F.ven this stage of development shows a further advance when sexual di-
morphism extends to the gametophytic individuals originating the gametes and 
when this step is made, the multicellular filamentous gametophytic individual 
has not a single cell left without sexual differentiation. Thus the sexual dif-
ferentiation of the gametophyton is completely realized in this state but at 
the same time the unicellular diploid zygote which alone represents the spo-
rophytic phase, morphologically still completely agrees with the equally uni-
cellular iso- and homozvgote. So there is no morphological difference among 
Fig. 13. Morioeasm, homomorpbous dioecism and heteromorphous dioecism in C h l o r o p h y c e a e . 
Upper row, I. O n the same ind iv iduum of the monoecious Oedogonium nobde 
WITTK, the polyci l ia te male sperm a tozoids a n d the egg (monoecism) deve lop . 
2. H o m o m o r p h o u s dioecism in Oedogonutm capillare (L.) KUTZ. In the one ma le 
ind iv idua l the polyci l ia te spcrmatozoids whi le on the o thers which are s imilar to 
the male ind iv idua l , only the eggs (oogonia) deve lop . 3. H e t e r o m o r p h o u s dioecism 
in Oedogonium diplandritm Ju f t . In the one male ind iv idua l androspores arise f r o m 
which a f ew ceils high d w a r f males o r ig ina t e ; these settle in the v ic in i ty of the 
female oogonium and their gametes fer t i l ize the egg (oogonium) , 
2. row. MonopodiaNy branch ing cell f i l amen t s . 1. Monoecious Bulbocbaete. Some 
cells of the cell f i l ament deve lop into oogonia wh i l e o thers to amhcndia. T h u s t h e 
ind iv idua l is monoecious. 2. A male p l an t of Bulbocbaete annularis and a f e m a l e 
p lant . Dioecious m a c r a n d r o u s species. F r o m the t w o k inds of ind iv idua l s of Bitlbo-
chaete sp. the one fo rms androgametes which settle on the female i nd iv idua l s n e a r 
the oogonia tha t deve lop on them. Between the t w o sexes there is sexual d i m o r p h i s m , 
he t e romorphous dioecism. 3. T h u s the i nd iv idua l is dioecious. T h e same is f o u n d in 
a th i rd species where the oogonium and the a n t h e r i d i u m of dwar f male c h a r a c t e r 
( ( J ) deve lop on t w o k inds of ind iv idua ls and came subsequent ly in to t h e f ema le 
ind iv idua l so t ha t between them he t e romorphous dioecism exists. 
.1. row. O n the same ind iv idua l of the d icho tomous ly b ranch ing f i l amen tous alga 
(Vaucheria senilis) are found the antheridia and the archegotua, consequent ly the in-
d iv idua l is monoecious. O n one ind iv idua l of Vaucheria dicholoma a rchegonia on ly , 
while on the other an ther id ia only deve lop , consequent ly the ind iv idua ls a r e dioecious. 
4. ro-a,'. From the ind iv idua l cells of t h e f i l ament of ver t ic i l la te b ranch ing smal ler 
micTagametes and larger maerogametes of male cha rac te r develop. T h u s t h e indi-
vidual is monoecious. In the cells of some ind iv idua l s of Drapalrialdiopsis indica 
swarming spores with 4 cilia of only male cha rac t e r and in the cells ol o the r similar 
ind iv idua ls 4 f i l i a te swarming spores of f ema le cha rac t e r or ig inate . T h u s the species 
is dioecious. This means t ha t also within the Cbloropbyce.ie the same d e v e l o p m e n t a l 
phases occur bu t wi th essentially d i f f e r e n t b ranchings . 
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the three types of zygote. Since, however, from the one (isozygote) after 
reduction division monoecious gametophytic filaments {first vertical row), from 
the other zygote gametophytic filaments of two sexes i. e. dioecious individuals 
{homczygote, middle longitudinal row), while from the third equally dioecious 
individuals of different shape arise (third vertical row), so to distinguish this 
third developmental stage from the homczygote we call it anisozygotic. 
According to what has been said above, also in the filamentous Algae as 
to the distribution of sexuality three developmental stages can be distinguished, 
similarly to the unicellular organisms, namely the monoecious isozygote, the 
dioecious homozygote and the dioecious amsoxygote of different shape. All 
three represent the unicellular sporophytic stage as against the unicellular 
sporophyton. 
Since we have distinguished these three developmental stages, let us now 
examine which way these main types materialized within the phylum Algae. 
The monoecious isozygotic developmental stage occurs within the Chloro-
phyceae e. 5. in the Capitularia with monopodia! branching, e. g. in Vattcheria 
dichotoma or Dicbotomus or Pbycopeltis pertaining to the dichotomically 
branching Siphori/dcs or in the Drapalnaldia forms of verticillate branching, 
in all three the developmental stage is the same, monoecism, still the branching 
is strictly of three or four different types. The assumption seems justified that 
these types have reached the same developmental stage, monoecism, indepen-
dently from each other, thus to get so far they had set off, starting from the 
Unicellulars, probably from three directions (monopodia!, dichotomous and 
verticillate). 
Exactly the same applies to the homozygote. Most of the Vaucberia are 
dioecious. Similarly, from the Drapalnaldiopsis with verticillate branching 
rather many are dioecious, but also in Ulotrices, Oedogonia and Bulbochaete 
dioecious forms are known. Consequently the filamentous algae have reached 
also the dioecious stage from three or four directions. 
A still more developed state materialized in the dioecious Oedogonittrn 
and Bulbocbaele by the development of dwarf males where two gametophytes 
of different shape and size come into being. The zygote, however, is again 
unicellular, giving rise by reduction division to gametophytes of two different 
sizes and forms, thus it is anisozygotic. According to these facts, sexual di-
morphism materialized in a striking manner among the gametophyton indi-
viduals, while the zygote remained unicellular. 
Homomorphous alternation of the two generations. 
Within the Algae development made a further advance, since in some 
cases so called homomorphous individuals arise, i. e. both gametophytes and 
sporophytes are quite similar to each other. The sporophytic individuals of 
the morphologically entirely similar Cladopbora are completely analogous as 
to their morphological aspect, but physiologically they give rise to twro types, 
+ and — of four ciliate so called zoospores from which again morphologically 
identical dioecious, i. e. + and — gametophytes originate. One of these forms 
positive (male)-type while the other negative (female)-type two-ciliate gametes. 
The haploid gametes at first unite to form diploid zygotes; these, however, do 
not remain in a state of rest, but develop into diploid individuals quite similar 
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to the haploids and as such give rise in some of their cells by reduction division 
to two types of ( + and —) four-ciliate zoospores. Exactly the same homomor-
phous developmental stages materialized in the recently discovered Drapal-
naldiopsis indie a, with the essential difference, however, that Cladophora is 
a filamentous green alga with monopodia!, while Drapalnaldiopsis with strictly 
verticil late branching. Thus again the same developmental stage and identical 
alternation of generations are found, but in the one case it is a filamentous 
green alga with monopodia!, while in the other with verticiHate branching. The 
two algae arrived from different directions at the same developmental stage. 
Probably also in Hepaticae such phenomenon occurs, although it had not been 
observed yet so far. In the above developental courses most probably already 
such a phase can be seen. (Pig. 14). Thus here already a phase appears that 
will repeat itself essentially in the evolutionary history of the terrestrial plants, 
marking somehow the further path of evolution. These are the so-called homo-
morphous individuals. Most probably this phenomenon materialized also in 
the Psilophyta of the Devonian (see later). 
The further march of evolution is indicated within the Chlorophyceae by 
the Coleochacte species which are monoecious, thus developing one type of 
individuals which give rise to antheridia from which male gametes arise and 
to oogonta. The zygote formed from the fusion of haploid gametes secretes a 
thick wall, subsequently remains for a certain time period in state of rest and 
then first produces a reduction division within the thick wall, to divide later 
into S to 16 cells (C. scutata). In the dioecious individuals of other species, 
however one of the gamctophytes is a male one and develops antheridia the 
other is a female one; thus the individuals, the gametophytes are sexually 
entirely differentiated, but the zygote is hermaphrodite. It is an important 
development here, that the wall of the zygote is thickening, bccomes surrounded 
by cortical cells; we might even state that it transforms into a sporangium, 
because in its interior by reduction division haploid cells arise, which are 
entirely homologous with the spores of vascular plants. This phenomenon starts 
a new developmental trend in the vegetable kingdom, which began to materi-
alize progressively at the beginning of terrestrial life in the developmental 
stage of the Mosses, probably already in the Cambrian. 
Thus for the fresh-water filamentous algae it can be established that the 
three developmental stages appear according to the same pattern as has been 
observed in the unicellular organisms, since in the distribution of the repro-
ductive organs again monoecious, dioecious and dioecious hcteromorphous 
individuals originate. The zygote is still unicellular, but already exhibits phy-
siological differences (isozygotes, homozygotes and anisozygotes respectively). 
It is a further important circumstance that these three developmental stages 
equally occur in the monopodia! Sipkonocladales, in the dichotomous Sipho-
nales (Vaucheria) and in the Drapalnaldia and Drapalnaldiopsis of verticillate 
branching from which again the probable inference may be drawn that the 
origin of the fresh water Algae might have been polyphyletic right from the 
start as unicellular organisms. This cell-filament stage must have been realized 
in the Praecambrium and Cambrium age of the Earth. From that age a great 
number of filamentous Algae remains came to light and which developmental 
grade was preserved by many fresh-water filamentous algae until our days. 
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f i g . 14. H o m o m o r p h o u s a l te rna t ion of generat ions in CLdophora giomerata fSiphonocludales). 
The g a m e t o p h y t e (G) is dioecious, morpho log ica ly ent i re ly ident ical wi th the d ip lo id 
sporophy t ic phase. This is one of the initial phases of the t r a n s f o r m a t i o n into mul -
t icel lular of the diploid phase. 
An ent i rely similar change of generat ions is f o u n d in the deve lopment of Drapal-
naldiopiis indica. The game tophy ton f i l aments of male and f ema le cha rac te r deve lop 
gametes of male and female character f r o m the fusion of which a h e r m a p h r o d i t e 
sporophv ton ent i rely similar to the g a m e t o p h y t o n arises. In the ind iv idua l cells of 
these by reduct ion division 4 ciliate male or female s w a r m i n g spores deve lop . 
Stage VI. Bryophyta and Charophyta 
After having examined the patterns of reproduction and the phylogeny 
of the Thallopbyta s. 1. we propose to review the position in the terrestrial and 
aquatic cormophyt plants. In these the manifestation of sexuality and the so-
called alternation of generations which was rather concealed in the organisms 
dealt with so far-, becomes more explicit and conspicuous. Essentially, however, 
the picture is the same, since both among the liverworts and the Musci there 
are also individuals whose reproductive organs — here already well developed 
antberidia and archegonia — either develop on the same individual, so that 
the individuals are again monoecious, and accordingly the spores are both from 
the morphological and the physiological point of view completely equivalent 
i. e. isospores, or the individuals are dioecious and accordingly the spores are, 
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though morphologically identical, physiologically different, i. e. homospores, 
or there are morphological differences, consequently sexual dimorphisms even 
among the spores and individuals of the dioecious individuals and accordingly 
the spores are anisospores. 
Isospore and isosporangium. 
The spore f r o m which only one kind of moss-individuals arise is called 
isospore, while the sporophore in which the isospores originate: isosporangium 
(isosporogonium), Generally in the following all reproductive cells which de-
velop by reduction division L e. asexually and always at the end of the asexual 
process or before the beginning of the sexual process, will be termed as spores. 
In the Mosses the sporophytic phase originating the spores and the sporangia 
that develop on them are both morphologically and physiologically completely 
similar to each other and thus isosporangia. In the most primitive form in 
these isosporangia only such spores develop as carry in themselves both the 
male and the female character, so they are actually hermaphrodite spores. 
In these hermaphrodite spores the sexual chromosomes determining the sexual 
character are present though but not separated yet from each other, since in 
all spores originated both sexes or the DNA determining the sexual character 
are present at an equal rate and separation only begins when on the monoecious 
m this case the sporangia are isosporangia and the spores developing in them 
gametophytic generation the reproductive organs — antheridia and archegonia 
— develop on the same structure or on little separate branches. Consequently 
isospores (Fig. 15. 1). 
This phenomenon also essentially coincides with the condition in which 
in the unicellular organisms within the single zygote cell two types of indivi-
duals, gametes arise, or when on the same individual of the filamentous Algae 
equally male and female types of gametes develop; the cell filament is thus 
monoecious. In all three periods of evolutional history the essence of monoecism 
is the same, although in the multicellular filamentous Algae and Cbarophyta 
this is somewhat more developed than in the unicellular organisms, while in 
Mosses the same condition appears as a consequence of the more developed 
alternation of generations in a still more advanced form. 
Homosporc, Homosporangium. 
In Mosses the next developmental stage of sexual differentiation is when 
one spore is not sufficient to create progeny but the fusion of two sexual cells 
originating from a male spore and from another, female spore is necessary. 
Although the spores of such dioecious Mosses are morphologically quite identical, 
physiologically they exhibit significant differences. In the homospores the 
sexual character extends from the sexual chromosomes to the whole gameto-
phytic generation, subsequently to the spores but not yet to the sporangia. 
The spores are separated from each other for the time being only cytologically 
(physiologically) and only in the sexual chromosomes, but not morphologically 
so far. The external appearance of the spores and gametophvtes is entirely 
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similar; so is the form of [he sporangia on the sporophvte, but in such similar 
sporangia already two kinds of spores, so called bomospores arise, half of 
which (50 per cent) carries completely male character while the other half 
(50 per cent) is of completely female type. So in this case in the dioecious 
Mosses the sporophytic stage is completely similar, the sporangia morpho-
logically continue to be isosporangia but essentially, together writh the spores, 
they are already physiologically different, i. e. bomospores or homosporangta 
respectively (Fig. 15, 2). 
Also these conditions entirely agree with those observed in the unicellular 
organisms producing homogametes as well as with Green Algae species deve-
loping homoindividuals and homogametes. The essence is the same, the regu-
larity in monoecism and dioecism remains unchanged. 
Anisosporc' Heterospore, Anisosporangium. 
A still higher degree of evolution, of sexual differentiation is realized when 
the spores originate in the same isosporangia completely similar to each other 
but already a sexual dimorphism arises under them, since in reduction-division 
when the tetrades come into being always two bigger, so called macrospores 
and two smaller microspores take their origin, i. e. the microspores of male 
and the macrospores of female character develop in the same sporogonium 
(Fig. 16). Thus in the evolutionary history of Mosses the sexual, morphological 
differentiation made a further step, extending now to the spores representing 
Fig. ¡5. /¡os pore, homos pore and .intsospore, monoecism, homomorphous dioecism a n d 
beteromoTpbous dioecism among \lusci, Hepaticae and Cbaraceae. 1. row. O n t h e 
ga rae tophy te of monoecious Musci the male - type antberidium and the f ema le - type 
arcbegonium a re on the same gametophy te . T h e diploid phase is monoecious , in t h e 
sporangia at reduct iondiv is ion h e r m a p h r o d i t e - t y p e isospores develop, both the game-
tophy te a n d the spo rophv te arc monoecious. 2. H o m o m o r p h o u s dioecism, homospore . 
From the morpholog ica l ly similar but physiological ly d i f f e r e n t homospores g a m e t o -
phytes of similar fo rm but of male and f ema le type d e v e l o p ; the spores arc homo-
spores. O n each of the monoecious sporophvtes at reduct ion-div is ion t w o homospores 
of d i f f e r e n t sex deve lop which arc morphologica l ly similar but physio logica l ly d i f -
fe ren t . 
3. Amsospore. F rom the smaller ma le - tvpe microspores smaller d w a r f males, whi le 
f r o m the larger spores (anisospores, macrospores) larger f ema le - type g a m e t o p h y t e s 
and on these arcbegoma develop. From the fe r t i l i za t ion monoecious spo rophy t e s arise 
tn whose sporangia male type microspores a n d f ema le t y p e macrospores, anisospores 
develop, exhib i t ing d i f f e r e n t sizes and physiological d i f ferences . The sporangia a rc 
isomorphous, isosporangia, whereas the spores deve lop ing in them are of th ree d i f -
ferent types viz. isospores, homospores and anisospores. 
2. row. Among the d ichotomously b ranch ing Hepaticue again monoecism e. g. Pellia 
tpiphylla, h o m o m o r p h o u s dioecism e. g. Marchantia polymorphs and p r o b a b l y also 
he t e romorphous dioecism occur. So both in the m o n o p o d i a l l y b ranch ing Musci a n d 
in the d icho tomous ly b ranch ing Hepalicae the same deve lopmen ta l s tage are f o u n d . 
Though the deve lopmenta l stages arc the same, the types of b ranch ing are d i f f e r e n t . 
3. ron\ Chara jragilts of ver t ic i 11atc b ranch ing . Antberidia and oogonia a re found 
on the same ind iv iduum, consequent ly the p l an t is monoecious. O n one ind iv idua l of 
the dioecious Chara aspera oogonia only , whi le on the o the r antberidia on ly deve lop . 
H o m o m o r p h o u s dioecism. The maie indiv idual ot Chara crinita ca r ry ing the antbe-
ridia is smaller than the female i n d i v i d u u m ; he t e romorphous dioecism. A m o n g ihe 
gametophy tes of the b ranch ing and n o n - b r a n c h i n g green a lgae the same th ree 
deve lopmenta l stages monoecism, h o m o m o r p h o u s dioecism a n d h e t e r o m o r p h o u s dioec-
ism occur. 
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the sexual character. This developmental stage again completely corresponds 
to what has been found in the unicellular organisms in the case of dioecious 
anisogamy and in the similarly dioecious filamentous algae in the case of 
dioecious anisozygoty when morphologically different individuals developed 
from the same zygote (Spirogyra, Bulbochaete). 
Since the sporangia arc morphologically still entirely equal, i. e. isosporan-
gia (essentially isogarnetangia) but the spores developed in them not only 
physiologically but also morphologically differ from each other, so these spores, 
to distinguish them from the micro- and macrospores in the stirct sense of the 
word which should be dealt with later, are termed as anisospores (Fig. 15. 3). 
The sexual differentiation of the spores — that has been observed hitherto 
in all living beings — is closely related to the biological law of the alternation 
of generations. The reference made to this phenomenon here is simply due to 
the fact that the alternation of generations appears in the Mosses in a very 
spectacular form. 
In nature it is a general law — observed up to now in all cases — that 
the male sexual cells of the same individual are fertilizing the female-type cell 
only in the very worst case, since heterofenilization is always more successful 
from the viewpoint of the evolution of species. Morphological and physiological 
differentiation of gametes and spores is invariably the realization of this 
biological law. 
Let us now review the pattern of realization of these four developmental 
stages isospore, homo spore, anisosporc and heterospore) within the Mosses. 
The phylum of the Mosses comprises the two classes Musci and Hepaticae 
(liverworts). The Musci generally present monopodia! while the liverworts 
more dichotomous branching. Both in Musci and Hepaticae the same kinds 
of spores and the same developmental stages occur, i. e. isospores, homospores 
and anisospores. From Musci e. g. in Bryales within 466 genera about 13 334 
species were found according to our investigations. From these 114 genera 
(24 per cent) are strictly monoecious (isosporous) and 242 genera (52%) strictly 
Fig. 16. T h e anisospores of some Musci. T h e anisospores of 1. Sematophyllum piliferum. 2. 
Fontmalis antipyretics. 3. Antitrichia curtipendula. 4. Endotrichella elegans, 5. Ptero-
bryopsis cochlear: folia. 6, Pbyllogomum viride. 7, Macromitrium Bin met. S. Daiv-
sonia super ha homospores are morphologica l ly equal , bur physiological ly d i f f e r e n t . 
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dioecious, (homosporic) and 110 genera mixed (24 per cent) i. e. occurring 
both in monoecious and dioecious (isosporic or homosporic) forms. 
Among the Hepaticae dioecious species with special anisospores are rather 
frequent. So are e. g. the members of the genera Fontinalis antipyretica or 
Macramitrwm where the diameter of the macrospores is at least four of rive 
times as large as that of the microspores (Fig. 16). As a contrast in the similarly 
dioecious Muscus Dawsonia superba all spores are exactly of the same size, 
so they are homospores. Another phenomenon occurring in Mosses is that in 
one of completely similar sporangia (isosporogonia) macrospores develop for 
the most part, while in the other microspores prevail. Moreover, in the same 
individual of Bracbymonium barbe montis (Mexico) sporangia of two different 
sizes and in these spores of two different sizes are found; these are already 
essentially materialized rnicrosporangia or macrosporangia. Or in the exa 
mined 39 sporangia of Fontinalis antipyretica two different sizes occur, 
the length raning between 4,72 and 2,65 while the wide between 1,62 
and 0,92 mm. This is already a developmental stage which to a greater 
extent and a more explicit form is realized on a higher level than that of 
Mosses in the phylum of Pteridophytes (beterosporangia). 
Essentially similar conditions are encountered in the class of the dicho-
tomously branching Flepaticae, where also both the monoecious (Pellia) and 
— mainly — the dioecious condition is found (Marcbantia). Although no aniso-
sporous phenomenon was observed, still, in our opinion, it must occur, since 
it is a necessary stage in phylogeny. 
VI. b. Charophyta 
Conditions completely identical with those found in Bryopbta occur also 
among the "most developed" fresh water green algae, the Cbaraceae, which 
with their comparatively highly developed th reed intension a I cellular structure 
do not fit at all in the fresh water filamentous green algae, although the 
principle of the construction of their body essentially agrees with the organism 
of the green alga Drapalnaldiopsis indica. The highly developed gametophytes 
of the Cbaraceae and their reproductive organs, oogonia and antberidia, of 
the same developmental stages are much nearer to the developmental stage of 
Hepaticae or Musci than to the simple filamentous algae. On the strength of 
these and of other weighty arguments, in our opinion — strange as it may sound 
— Cbara ought to be definitely removed from the fresh water filamentous algae 
and should be rated as a class of the same rank as Bryopbyta, as a class in 
which the gametophytes are much more developed than the sporophytes, with 
reproductive organs much more developed than those of the filamentous green 
algae and essentially similar to those of the Mosses (antberidia and arcbeogonia 
or oogonia). In view of these important characters the objection dwindles away 
that the sporophyte of the Cbaraceae as againts the huge gametophyte is 
shrivelling into a unique cell, the zygote. When taking only this feature into 
consideration Cbara really ought to be relegated in the green algae with cell 
filaments. The multicellular cell-bodied gametophyte and the structure of the 
highly developed multicellular antberidia and oogonia are, however, much 
more comparable with the similar organs of Hepaticae and Musci than to the 
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reproductive organs of the fresh water algae with cell filaments. There is a 
great similarity, however, not only in this respect but also as to the distribution 
of the reproductive organs, viz. with the monoecism, dioecism and heteromor-
phous alternation of generations in Mosses. 
Summarizing the above statements on the distribution of the reproductive 
organs, we want to make it clear that the same conditions occur here as in the 
unicellular organisms. To isogamy corresponds the isospore, to homogamy the 
homos pore and to anisogamy the an isospore or essentially heterospore respec-
tively. Another important finding is that Musci and Hcpaticac are on the same 
developmental level, since both are Bryophytes and in both the isosporous, 
homosporous and anisosporous conditions equally occur. The Musci, however, 
exhibit monopodia!, while Hepattcae more frequently dichotomous branching. 
Since these two kinds of branching can not be derived from each other, we 
may draw the same inference as we did in the case of the unicellular organisms 
and of the Algae, namely that also Bryophytes, similarly to the organisms 
dealt with hitherto, are of polyphyletic origin. All these grades of the history 
of evolution were attained by the flora in the palaeszoic age of the Earth, in 
the Silur, i. e. in the Ordovicium or Gotlandicum, about 400 million years ago. 
Stage VIE Psilophyta 
As a consequence of the adaptation of the vegetable kingdom to terrestrial 
life the moss stage made a further progress. The sporophyton phase hitherto 
vegetatively or physiologically not independent from the air, from the top 
of the gametophyton gradually came into contact with land, started a more 
intensive growth and became now able to lead an independent life at the 
Fig. 17. O n the spo rophy te of Ertopus cristatm the re are assimilat ing paraphylla p r o m o t i n g 
its physiological ly independen t life. From the surface of the spo rophy te of Leptdo-
pihon SHbsubiilaium s imilar epidermal s t ructures , emergencies arise as f r o m t h e 
sur face of the stem. 
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Stage VII. PSILOPHYTA 
expense of the gametophyte. One of the results of this process was that in 
the hitherto non-branching sporophytic generation tiny assimilating leaves 
hnicropbylla) developed from which some, particularly towards the apices 
of the little stems, contributed to the origin of the sporangia. This is how on 
the vascular plants gradually the sporangium and sporophyllum stage developed. 
This developmental stage is seai to materialize among the Musci, e. g. in 
the Australian species Eriopits crista [us on the spo-
rophyte of which assimilating micropbylla (para-
pbylla) developed, while from the base of the spo-
rophyte root hairs originated (2 n!) or in the fossile 
primitive shrubs Psilophyta and their progeny the 
Pteridopbyta. Already the ancient primitive skrubs 
the Psilophytes of the Cambrian and Silurian to 
all probability carried isospores or homospores 
respectively, whose sporangia developed partly on 
[eaves, on the so-called sporopbylla or were located 
on the top of the leafless stem or at its side in the 
axil of tiny leaves. We refer to probability, because 
the Psilophytes are not sufficiently known, so that 
it is open to discussion whether their sexual gene-
rations were monoecious or dioecious. There ¡s no 
doubt, however, that they must have existed, since 
their spores are known, and from these only haploid 
monoecious or dioecious protballia could have de-
veloped. According to recent investigations the 
rhizonietype part of Astcroxylon, Rbynia in the 
earth as a matter of fact does not belong to the 
sporophyte sector but to formaliity alike the ga-
metophytic generation and could have presented an 
analogy to the homomorphous development of 
Cladopbora referred to in connection with the 
Algae. What so ever the protballia iverc, among the 
sporophytes (2 n) similarly to the previous fin-
dings 3 main types of branching can be distinguis-
hed, namely the monopodial (Rbynia, liornea), the 
dicbotomous (Protopteridium) and the verticillate 
(whorled branching (Calamopbyton, Fig. 18). So 
this period again the identical developmental in 
Pig. Ifi. T h e gan ieu ipby te (n) and spo rophy te (2n) of the 
m o n o p o d i a 11 y b ranching Rbynia a re more or less 
of the same f o r m . T h e g a m e t o p h y t e might h a v e 
developed f rom isospore or homosporc . ( ! ) T h e spo-
rophy te of the d ichotomously b ranch ing Protopteri-
ilium must have developed similarly f rom isospore 
or homosporc . (2) The sporophy te of Calamopbyton 
of the vert ici l la te type ol b ranch ing too are der ived 
f rom isospores or homospores . Again identical de-
ve lopmenta l s tage and 3 types of b ranch ing side 
bv side. 
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stage of the spores and simultaneously the three forms of branching appear at 
the same time. The terrestrian flora reached this developmental degree in the 
history of Earth in the Devonian, the recent representatives of which evolu-
tionary stage are Psilo turn and Tmesipteris. 
Stage VIIE Pteridophyta 
Isosporopbylla. Among the Pteridophytes in the strict sense of the term 
evolution advances further, since at on the macrophyll beneath of the sporo-
phyte (Filicinae) or in the sporangia of the microphyilous sporophyte i so spores 
(Lycopodium) or in the somewhat more developed form of the ¡atter homo-
spores (Equisetum) develop, while in others in the same sporangium already 
micro- and macrospores, i. e. heterospores (Marsilea) and finally in the most 
developed stage on the monoecious or dioecious sporophyte in the differentiated 
microsporangia only microspores and in the macrosporangia only macrospores 
formed (Selaginella) and either in one common or separate so-called (macro-
sporophyllous or microsporophyllous strobiles. 
Where do these stages of sexual differentiation, the isospores, bomospores 
and heterospores appear within rhe Pteridophytes? The Pteridophytes are 
ranged in three great classes: Ly cop si da, Pteropsida and Sphenopsida. To Lyco-
psida belong the Lycopodia and Selaginellae, to Pteropsida the Filicinae, 
Hydropterides and Isoetales, while to Sphenopsida the Equisetum sp. and the 
fossile Chalamites. The stem branching of the microphyilous Lycopsida is 
generally monopodia!, while the terminal branchings of the conductive bundles 
and ribs of the macrophyllous Pteropsida are nearly always dichotomous and 
the Sphenopsida exhibit a typical verticil late branching. A study of these three 
Fig. 19. Monoecism-dioccism and he te romorphous dioecism in the protballia of the Pterido-
phyta (Lycopsida, Pteropsida, Sphenopsida). 
1. From the isospore of the microphyi lous Lycopodium clavatum of the monopod ia ) 
t y p e of b ranch ing a monoecious protballiurn or iginates . 
2. From the homospore of Lycopodium sp a I em a le - type macrospo tha l l ium and a 
male - type mic ropro tha l l ium of smaler size develops , 
3. F r o m the microspore of the s imilar ly monopodia!])- b ranch ing mic rophy i lous 
Selaginella male- type , whi le f r o m the mac rospo re f ema le - type protballia deve lop 
(he te romorphous dioecism). 
2. row. From the isospore of the macrophy l lous Dryopteris filix mas a monoecious 
prothaliiurn or iginates , whi le f rom the homospore of Ceratopteris thalyctroides a 
d ichotomously b ranch ing f ema le - type macroprothallitim and a male - type wic ro -
prothallium of smaller size develop. T h e spores are morphologica l ly ana logous but 
physiological ly d i f f e r e n t , i. e. homosporcs. F r o m the microspore of the po lyc i l ia te 
Isoetes UtCHStris a male type microprotbalhum, whereas f r o m the macrospore a much 
more deve loped female - type macroprolbalhttm develops . 
3. row. F rom the isospore of Equisetum only one bisexuel! sort of protballiurn {af te r 
SCHMIDT) f r o m the homospore of Equisetum arvense f i f t y per cent f e m a l e - t y p e a n d 
f i f t y per cent male - type protballia or iginate . From the macrospores of Paracalamosta-
chys shiatus of the Carbon i fe rous , a p l an t of ver t ic i l l a te b ranch ing , female t y p e 
protballia o r ig ina ted , whi le f rom the microspores ma le - type protballia. T h e uppe r 
r ow is cha rac te r i zed beside the spore types by monopod ia l b ranch ing , biciliate 
spe rmatozo id a n d a suspensor on the embrvo . All these p roper t i e s arc p h y t i c fea tu res 
and seem to evidence that the th ree p h y l a Lycopsida, Pteropsida and Sphenopsida 
developed independent ly f rom each other and concur ren t ly until the he te rosporous 
stage. 
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main ivpes as to the location of their spores and reproductive organs in general 
reveals that in all three types the ¡sosporous, homosporous and heterosporous 
developmental stages exist. But the same conditions were found in the charac-
teristic forms of the Carboniferous, namely in the monopodia)ly branching 
Lepidodendron, in the dichotomously branching Sigillaria and in the verticil-
lately branching Calami tes. 
Thus within the Pteridophytes again the same developmental stages, sexual 
differentiations and the three main types of branching appear as in the uni-
cellular organisms, the Algae, Mosses and primitive shrubs: namely the game-
tophytes of the Pteridophyta too are either monoecious or dioecious, while the 
sporophytes are still exclusively monoecious. 
In recent ferns e. g. in Selaginella the sexual conditions are probably much 
the same as in the Lepidodendrous which liver in the Carboniferous, Both 
spores of Selaginella from the same strobile drop at ripening to the earth 
where fertilization can take place only through water as a medium. Inspire of 
the high degree of differentiation in the flora of the Carboniferous sexual 
propagation was still linked with the temporary presence of liquid water. 
In the phytogeny of the vegetable kingdom and particularly in the development 
of terrestrial vegetation it was the most important period when the vegetable 
kingdom made itself independent from the presence of liquid water at fertiliza-
tion; this developmental stage had set on in the Carboniferous, According to 
our present knowledge in the Carboniferous both the macro- and microspores 
Tig. 20. !n the sporophyl l ic str ing of Lepidodendron beloiv in the macrosporangta the m i c r o -
spores and in the microsporangia the microspores .ire localized. This strobile s t ruc ture 
points to monoecism. (1) Exac t ly the same s t ruc tu re is f o u n d in recent monoecious 
Sclaginellac (2) or in the strobile of the fossile Catamites w h i c h are of the same age 
the Lepidendrons. In the strobile of Selaginella sp, a re only mac rosporang ia local ized 
(3), on o ther Selaginella species the macro-and mic rosporang ia non separate ly one 
above the cither, but side by side are localized. (4). 
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from the strobiles of Sigillariae Lepido-
dendrons and Calamites still roppcn to 
the earth, possible on banks, where they 
germinated, and fertilization also took 
place on the earth through the medium 
of liquid water. The embryo which 
came into being after fertilization con-
tinued its development on the earth, as 
a rule in a moist environment. 
Stage IX. Pteridospermae 
Isospermia, Homospermia. The 
change of this stage was marked by the 
phenomenon, that the macrosporangia 
did no more drop on the earth, on the 
banks, but remained connected with the 
mother plant until the fertilizing sexual 
cells (microspores) were carried no more 
by the water but by the wind within 
easy reach of the macrosporangia. Thus 
the act of fertilization has been again 
raised into the air, on the sporophyte, 
where the role of the water has been 
now taken over by the wind. The result 
of fertilization on the sporophytic mo-
ther plant in the air became a new 
structure, the seed, which dropped to the 
earth only after nutrition by the sporo-
phytic mother plant and a certain dc-
Pi}». 21 1. T h e s t ruc ture of t h e ovule in Le-
pidocarpon lomaxii (mic rophyl lous 
type) . To ail p tobabi i i ty it has been 
monoecious. 
2. T h e open ovule of Lyginodetidron 
Oldbaniium. (Pterispermae). (The mo-
ther p lant w a s p robab ly dioecious.) 
3. T h e macrosporc of the recently dis-
covered vert ic i l late Calamocarpon in-
signis (BAXTER) and in it the gameto-
p h y t o n (G) . All three are Pterido-
spermae and represent the th ree main 
b ranch ing types on the identical deg-
ree of deve lopment . 
Stage IX. P T E R I D O S P E R M A E 
I s o - H o m o s p e r m y 
velopment, and which organ now already represented all properties of 
both parents, the same as the zygotes of the unicellular organisms or of 
the multicellular algae or the sporophytes of the Pteridophyta. 
3 Acta №ologici 
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Since in these primitive Pteridospermae in separate sporangia microspores 
and distinct macrospores developed which might have developed separately 
but also in the same strobile, so the sporophytes were monoecions, but they 
might have also developed in different strobiles and either on the same indivi-
dual when they are monoecious (Fig. 22} or on different individuals when the 
sporophytic generations became dioecious. With this further step the sexual 
dimorphism now extended from the gamctophyt to the sporophytic generation, 
and so gradually monoecious and dioecious terrestrial Spermatophytes began to 
develop. In the history of evolution of the vegetable kingdom, this high degree 
of morphological sexual dimorphism obtained a decisive importance in the 
conquest of the mainland, because the sporopherous vascular plants gradually 
began to develop into Spermatophytes. No essential change occurred in the 
mutual relationship of the two sexes, because the primitive Spermatophytes 
also continued to be either monoecious or dioecious. 
According to our present knowledge the development of seed materialized 
within the Pteridospermae at least in three directions (Lyginodendron, Lepido-
carpon and Calamocarpon) (See Fig. 21.) why the seedlike megasporangia of the 
verticillate branching is discouvered recently by BAXTER . "The realization 
of this evolutionary degan about 320 million years ago in the Carboniferous. 
Stage X. Gymnospermae 
The further transformation of high importance was initiated by the 
condition that the macros porangia of female character in the aments and on 
the macrosporopbylla remained free for the time being and thus were exposed 
to rather manyfold dangers. Gradually the integument enclosing the macro-
sporangium (Fig. ) began to provide for their protection, but the macro-
sporangia did no more drop on the ground for the period of fertilization where 
hitherto the liquid water was the medium of fertilization. This intermediary-
role has been assumed now in the air by the wind. Since these primitive ovules 
developed from the macrosporangia when they were still free, the seeds which 
came into being after fertilization also remained open. This is how the first 
Gymnosperms came into existence. Let us see, by what means? 
The formation of Spermatophytes. 
It has been shown on the recent Selaginellae and on the fossile Lepido-
dendrons that in the same strobile there are or were both micro- and macro-
sporangia together. From this sporous condition the gymnospermous condition 
could have come into existence by means of development in some individuals 
in the individual mixed strobiles gradually either into macrosporophyllous 
strobiles only, while in others to microsporophyllous, strobiles or aments only. 
Thus the mixed strobiles gradually began to transform into unisexual ones and 
by this phase the sexual dimorphism extended to the strobiles. Such primtive 
condition occurs even today in some individuals of recent Selaginellae (Sela-
ginella apus et c.) but, to all probalility, the same thing happened with the 
most developed ferns of the Carboniferous, the Lepidodendrous or Pterido-
TK1PHYLETIC E V O L U T I O N OF T H E LAMDPLANTS 3 5 
¡permac. Since both sexual characters were inherent in the sporophytic gene-
ration, the segregation of sexuality extended either to some branches of the 
same individual and hereby the monoecious gymnospermous Spermatophytes 
came into existence, or one of the sexual character depressed the other so far 
that only that one could assert itself particularly, namely the male or the 
female character only, and as a result two kinds of sporophytous Spermatophytes, 
i. e, dioecious plants came into existence. The other sexual character did not 
cease to exist in these plants entirely because it continued in latent state in 
the apparently unisexual sporophyte. This is why in the male individuals of 
some dioecious Spermatophytes female characters, while on the female indi-
viduals male characters could appear, e. g. in some aments of Gymnospermous 
plants carpels develop and vice versa Pinus). 
Fig 22. Dis t r ibu t ion and s t ruc tu re of the strobiles of the monoecious ( isospermy) and (homo-
sperm y) dioecious Gymnospe rms . 
Isospermy, homospermy. Sporophyllum strings, aments, strobiles, dioecious 
and monoecious spcrmatophytous condition. 
After the monoecious and dioecious ferny stage only the gymnospermous 
spcrmatophytous could have succeeded, either in the monoecious or in the 
dioecious form. Monoecism and dioecism are both spermatophytous conditions 
though among the Gymnosperms, but there are very essential physiological 
differences between the seeds because tho one kind of seed produces only one 
kind of individual, namely a monoecious plant, a sporophyte, while the other 
develops two separate individuals, sporophytes i. e. dioecious plants. In the 
unicellular organisms, in filamentous Algae, in Mosses and in the Pterido-
phytes too, we observed that from the isospores only one kind and from 
the homospores (zygotes) two kinds, namely individuals, gamctophyres of male 
and female character develop. Exactly the same conditions continued to prevail 
also in the monoecious and dioecious gymnospermous Spermatophytes. In 
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these no several different cases can occur either. Therefore on account of the 
analogy or identity with the previous forms we may term the seeds of the 
monoecious Gymnosperms as isogvmnosperms and those of the physiologically 
different dioecious as homogymnosperms, since from the point of view of 
sexuality there is the same cytological i. e. heterochromosomatical difference 
among them as among the isogametes, isozygotes, isospores and among the 
homogametes, homozygotes and homospores. Here, as in all other cases, the 
sexual differences are caused by the heterochromosomes as invariably evidenced 
beyond doubt by cytological examination. This might also explain the fact 
that e. g. in some dioecious Cycadales the chromosome number is 8 or 9, 
depending on whether male or female individuals were examined and which 
specimen was heterozygotic. In this connection the question arises by what 
means these monoecious and dioecious conditions i. e. isospermy and homo-
sperm y materialized in recent and fossile Gymnospermae and Chlamydosper-
mae. These gymnospermous Spermatophytes are also either monoecious or 
dioecious, but several types may be distinguished among recent and fossile 
Gymnosperms. The dioecious Ginkgoales and Cycadales belong here, but can 
be relegated to them. A closer examination of these forms reveals three main 
types of branching in the stems, branches and in the terminal branching of the 
conductive bundles of the ribs, namely among the monoecious Coniferae in 
the strict sense of the term the monopodial, among the dioecious Cycadales, 
Ginkgo, Araucariae and Podocarpus in the leaves dichotomous, and the mono-
and dioecious Cupressaceae the opposite or verticil late branching. 
Stage XI. Chlamydospermae 
Similarly in the dioecious Chlamydospermae (Fig. 24), Gnetum represents 
the monopodial, Welvntschia the dichotomous (parallel) and Ephedra the whor-
led type of branching so that within the gymnospermous condition again the 
same developmental stages appear in each phylum which seems to indicate 
that the Chlamydospermae are not of homogeneous origin either; there is no 
doubt that they have reaced the gymnospermous state in the monoecious or dioe-
cious form, proceeding from several types. Thus their origin is, similarly to the 
previous types, polyphyletic. 
Stage XII. Angiospermae 
The gradual evolution did not stop at the gymnospermous condition 
reached in the Carboniferous and Permian systems. Beginning from these 
periods gradually a new developmental stage materialized in the life of the 
vegetable kingdom. This transformation presents a change in the sexual repro-
duction pattern of the plants, substantiating at the same time the great adapta-
bility of plants to the prevailing environmental conditions. This change became 
manifest in the first place by the phenomenon that the free macrosporangia, 
the so-called ovules, wrhich on the macrosporophylla were covered by a thin 
integument, became now gradually covered by the edges of the sporophytlums. 
Hereby a completely new so-called angiospermous developmental stage arose. 
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Fig. 23. 1. The monopodia l ly b r a n c h i n g microphyl lous isospcrm Pinus silvestris. 
3. T h e vert ici l la tcly b ranch ing of the isosperm Tetraclinis articulata, and of the 
ho mo sperm juniper its communis. 
2. T h e macrophyl lous d icho tomous ly b ranch ing Cycas revolula. 
All three are Gymnospe rms , but of three d i f f e r e n t types of branching . 
38 P. GREGU55 
Stage X L C H L A M Y D O S P E R . M A E 
Homosptrm> . Diotcism 
Fig. 24. 1. Gneta les , 2. Wcl witsch iales, 
3. Ephed rales 
when the so-called carpel entirely enclosed 
the thinly wrapped macrosporangia, the 
ovules, and thus the female reproductive 
organ assuring the survival of the species 
got into a completely protected position. 
So from the macrosporophyllurn gra-
dually the pistil developed, the parts of 
which are the ovary, the style and the stigma. 
In this closed condition and high in the air 
even the temporary presence of liquid water 
became superfluous. By degrees the plants 
could do even without the wind, because 
from the early tertiary period the micro-
spores (pollen grains) could be and were 
actually transported by the then widespread 
insects to the macrosporophylla of female 
character, to the pistils and in the first 
place to the primitive stigmas. 
But even this did not happen at once, 
because this development had its degrees, 
too. What were these degrees? Similarly to 
the previous developmental stages also 
among the recent Angiosperms both monoe-
cism and dioecism occur, but besides an 
entirely new form, the hermaphrodite or 
monoclinous flower makes its appearance. 
On separate branches of the same individual 
of the monoecious angispermous plants the 
strobiles of different sex, male aments and 
female flowers appear. Similarly to the 
cytological analogy of isogamy, isozygotes 
and isospores and to the term isosperm of 
G\rmnosperms the seeds of the monoecious 
Angiosperms are named isosperm. On certain 
individuals of other species again we find 
only a male aments, while on other indi-
viduals exclusively female flowers. Such 
dioecious angiospermous Sperm atop hytes on 
the analogy of homogamy, hornozgygote, 
homospore, homospermv might be named 
homosperms. Finally, from Angiosperms 
a particularly large number had reached 
the condition where in the same struc-
ture the reproductive organs representing 
both sexes are present together, sexes are present together, u e. 
both the microsporophylla which in this new structure are already termed 
stamina, and the macrosporophylla or pistils. At last, in the course of an 
evolution spanning thousand millions of years, the reproductive organs repre-
senting both sexes, the whole sexual generation, came close together on a single 
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sporophytic individual and within a single structure, the monoclinous f'lower. 
In the seeds of Angiosperms developing such monoclinous or hermaphrodite 
flowers the chromosome set of the cells, or at least the compounds involved 
in the formation of sexuality are present in another configuration than in the 
monoecious (isospermic) or dioecious (homospermic) plants and therefore, to 
distinguish them from the first two, they may be termed eusperms. Accordingly, 
the hermaphrodite condition of the sporophyte is the most developed stage 
reached by the plants starting from the unicellular condition during a develop-
ment of many hundred million years, the forms of which we now encounter at 
all times and in all places. The hermaphrodite flower is, consequently, the 
highest stage in the history of evolution of the vegetable kingdom and it only 
could have developed according to the author's opinion — as demonstrated — 
from the unisexual strobiles. Let us examine, by what means this has been 
accomplished. 
The origin of the hermaphrodite flower 
This question is up to our days one of the most contested problems of the 
philogeny of plants. In our opinion, this latest monoclinous hermaphrodite 
condition could have developed only from the previous stages and from the 
unisexual flowers, because there was no other possibility in the Permian, 
Triassic and Jurassic periods. But even before, only two cases were possible, 
since among the primtive gymnewperms too only the monoecious and dioecious 
conditions existed so that only these could have been transformed into her-
maphrodite flowers. But by what means? In our opinion, either by the deve-
lopment of microsporopbylla (stamina) in the pistillate, i. e. macrophyllous 
strobilaceous flowers on the place of part of the carpels, e. g, at the bottom 
of the strobiles (pistils), by thrusting into the background the compounds eli-
citing female character. Thus the stamina and the pistils go: next to each other 
and hereby became hermaphrodite flowers; or in the aments, e. g. on their top 
Fig. 25, Dis t r ibut ion a n d s t ruc ture of the strobiles of the monoecious (isospcrm), dioecious 
(homosperm) and monocl inous (eusperm) Angiosperms. 
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Fig. 26. The origin of the he rmaphrod i t e f lower . 2. P roang iospe rm f l o w e r a f t e r Hutchinson, 
From under , u p w a r d s fol iage ¡caws, a f t e r mic rosporophy l la and m a c r o s p o r o p h y l l a . 
mainly pistillate flowers (pistils) came into being and this way the organs 
representing the two sexes got again next to each other and this could have 
been also a pattern for hermaphrodite flowers to develop. This process might 
have originated both in monoecious and dioecious gymnosperms, the more, 
since all sporophytes are essentially always hermaphrodite individuals in which 
the chromosomes and compounds determining the two sexes only separate from 
each other when partly the aments (stamina) and partly the carpels (pistils) 
originated. The probability of this assumption is enhanced by the fact that a 
similar phenomenon can be observed even in our days both in Gymnosperms 
and in Angiosperms. In the catkin of the willow tree e. g. frequently pistils 
occur among the stamina which shows that organs representing the two sexes 
can develop in the same structure quite close to each other and this way true 
hermaphrodite flowers come into being (androgynous aments). The same phe-
nomenon can be observed, however, as an extraordinary occurrence, in maize, 
where from the middle of the tassel a pistiline strobile emerges with genuine 
ovules and seeds respectively. Similar phenomena are encountered in Gymno-
sperms (Pinus). 
In our opinion this process presents essentially the same general biological 
regularities which were observed hitherto in all developmental stages. The 
reproductive organs of our simplest monoecious and dioecious herbaceous 
Angiosperms invariably concentrated in monosexual strobiles similar to those 
of the Gymnosperms and particularly in male and female aments or coniform 
structures respectively. In the strobiles of both pheno- and genotypes always 
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the character representing the other sex, so both components of DNA were 
also present, but one of the component in latent condition, in the staminate 
aments the character determining the female sex and in the pistillate ament 
the character representing the male sex and the DNA respectively. Only upon 
the external and internal factors, so upon the contrasting configuration of DNA 
or upon the effect of the different hormones in one of the phenotypes one of 
the sexual characters appears while the other remains in recessive and latent 
condition as if in an expectant attitude. The development of the monoclinous 
flower must have started, in our opinion, always from such latent hermaphro-
dite condition, in a way that within the unisexual strobile, e, g. in the staminate 
ament, which may be considered essentially as an overmale individual, the 
female character hitherto depressed and in a latent, recessive condition, could 
have — as a result of the diminution of the male character — got gradually in 
a dominant position towards the apex of the ament. As a consequence the 
place of the upper stamina has been gradually more and more occupied by 
the female character — as one half of the intersex — that became more and more 
definite, while at the bottom of the strobile the old stamina continued to repre-
sent the male genotype. As a contrast in the pistillate ament that may be con-
sidered as overfemale, the male character, hitherto in latent condition, began in 
the bottom of the ament to transform also in its phenotype into stamina, i. e. 
to become dominant, so that in the final result the ament developed into a 
hermaphrodite flower. Essentially the same phenomenon is manifest here which 
has been demonstrated in the unicellular Cblamydomonas eugametos, when the 
unisexual individuals could be transformed by the influence of chemicals into 
individuals of the other sex. 
This concept essentially agrees with the Euanthium theory according to 
which in the hermaphrodite flower the stamina should not be regarded as sta-
minate flowers but as microsporopbylla and the pistils not as female flowers 
but as macrosporophylla. 
So within the Angiosperms we can distinguish monoecious, dioecious and 
hermaphrodite flowered individuals and these differences can be traced back 
to the different nature of the seeds, more exactly to factors determining 
sexuality. 
It remains to examine how these developmental stages become manifest in 
the Angiosperms. The Angiosperms are divided in two great classes: Monoco-
tyledones and Dicotylédones, both of which contain plants with monoecious, 
dioecious and hermaphrodite flowers. In the Dicotylédones monoecious, i. e, 
isospermic plants are e. g. the Amentiflorae, dioecious e. g. the Salicaceae and 
hermaphrodite generally the Dialipetalae. From the Monocotyledones e. g. the 
Caricoideae and Palmae are monoecious, the Palmae dioecious and the Liliaceae 
hermaphrodite. 
As regards branching dicotyledons generally exhibit monopodial branching 
while monocotyledons — when taking into consideration the parallel nervure 
and also the branching of the stems in Palmae, Dracaenoideae, Cordyline etc. 
— rather more dichotomous. Finally when reallocating Casuarina to the 
Angiosperms, we will find also the third (whorled) type of branching repre-
sented. The essence is, however, that both in Monocotyledones and in Dico-
tylédones the same developmental stages, monoecism, dioecism and hermaphro-
42 r. c n x c u s s 
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Hg , 27. T h e d ico ty ledonous and monoecious (isosperm) Castanea saliva of monopod ia ! b r a n -
ching. The f lower of dioecious (bomosperm) Salix caprea and of the (eusperm) Mag-
nolia acuminata. 
2. The pa lm of d icho tomous branch ing (isosperm), the dioecious bomosperm palm 
w i t h d icho tomous branch ing and the h e r m a p h r o d i t e Yucca arborescens of d i cho-
tomous branching . 
3. The monoecious (isosperm) Casuarma verttcillata of ver t ic i l la te b ranch ing . 
All three series are in the deve lopmenta l stage of Angiospermae, bu t wi th three 
d i f f e r e n t types of branching . 
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ditism occur. In our opinion, the monoecism or dioecism of the Monocotyle-
dons, could not have developed from the monoecious or dioecious stage of 
Dicotylédones neither the hermaphrodite condition of the Monocotyledones 
from the analogous condition in the Dicotylédones; these derive, to all proba-
bility, from the Bennettites, which seems to evidence that the origin of monoco-
tyledons is independent of the origin of dicotyledons. Consequently the Angio-
spermae do not originate from a single common phylum, but at least from two 
or three phyla substantially differring from each other, and according to the 
athor's opinion so they are of polyphyletic origin. 
Summary 
1. Phylogenetic stages. As established in the previous chapters and in 
accordance with the present state of science, in the history of evolution of the 
vegetable kingdom the terrestrial plant from their beginnings in the inorganic 
wordl during their development in the course of 2 to 4 thousand million years 
passed through the following stages: 
Stage I. Beginning of the - and — contrast among the inorganic com-
pounds and their transformation into living compounds. 
Stage II . Virophyta. Physiological differentiation of the + and — charac-
ter in the simplest forms of life at the boundary of the inorganic 
and organic worlds. 
Stage III. Bacteria and Cyanophyceac. Simplest uni or pericel lular plants 
without a definite cell nucleus, with + and — sexuality and con-
cealed alternation of generations. 
Stage IV. Monadophyta. Unicellular plants with definite cell nucleus, living 
both in water and on land, with definite + and — sexuality and 
alternation of generations. 
Stage V. Algophyta. Unicellular cell-filamentous, cell-lamellar, cell-bodied 
plants living both in water and on land, with definite + and — 
sexuality and alternation of generations, where the gametophyte 
is multicellular, the sporophyte unicellular or homomorphous with 
the gametophyte. 
Stage VI. Bryophyta. Sexually differentiated cormophyt plants, living in 
water but mainly on land, in which the multicellular gametophyte 
is physiologically independent and more developed than the 
equally multicellular sporophyte. The sporophyte has no contact 
with the soil and is nourished by the gametophyte. 
Stage VII . Psilophyta. Partly extinct (fossile) terrestrial or aquatic spori-
pherous plants where the gametophyte and the sporophyte were 
about equally developed. 
Stage VIII. Pteridophyta. Terrestrial or aquatic sporipherous plants in which 
the sporophyte is physiologically independent and much more 
developed than the physiologically equally independent gameto-
phyte. Both the sporophyte and the gametophyte are in contact 
with the soil or with the water. 
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Stage IX. Pteridospermae. Extinct (fossile) terrestrial plants which in their 
exterior are suggestive of the Pteridophyta„ where the gameto-
phyte of both sexes has developed on the sporophytic mother 
plant, the female gametophyte had been covered by a thinner or 
thicker integument and which after fertilization had developed 
to seed. The medium between the two sexes is probably still the 
water. 
Stage X. Gymnospermae. Terrestrial plants in which the enclosed female 
gametophytes develop as open structures on the strongly deve-
loped sporophyte. The unicellular male gametophytes, indepen-
dently from the liquid water, through the intermediary of the 
liquid water, through the intermediary of the wrmd and of the 
pollen tube get near the female gametophytes while from the 
seeds originating from the fertilized female gametophytes mo-
noecious and dioecious individuals, sporophytes arise. 
Stage XL Chlamydospermae. Spermatophytes in which the female game-
tophyte is already more cut off from the environment; the male 
gametophytes come to get near the female gametophyte by the 
intermediary of the wind, exceptionally of insect or the pollen 
tube respectively. From the fertilized female gametophyte such 
seeds develop on the female sporophyte which give rise to dioe-
cious sporophytic individuals only. 
Stage XII. Angiospermae. Terrestrial spermatophytes in which the female 
gametophyte is already completely cut off the immediate environ-
ment and the fusion with the male gametophyte at fertilization 
can only take place by the pollen tube. The seeds developing from 
the fertilized gametophyte give rise to sporophytes with mono-
ecious dioecious or hermaphrodite (monoclinous) flowers. 
As demonstrated above, each phylogenetic stage is characterized by pro-
perties involving distinct differences from all other developmental stages before 
or behind it and which differences evolved from each other during many mil-
lion years from the similar previous forms. 
Probably no research worker has or could have any doubt about the 
natural stages listed, therefore these findings can be taken as basis for further 
investigation. 
2. Sexuality is an objective natural law. 
It is an universal law of nature that the individuals of living beings, uni-
cellulars as well as the most developed phanerogams, in their vital processes 
besides the instinct of self preservation have been and are directed always by 
the instinct of race preservation, of sexuality, of + and —, male and female 
character and that the substances carrying the determination of sexuality (ga-
metes) are manifesting themselves most conspicuousli in the sexual organs and 
in their appearance respectively. Without sexuality and development of sexual 
organs the gradual evolution of the vegetable kingdom through thousand mil-
lion years can not be conceived. Sexuality is not an occasional morphological 
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property but a character phylogenetically fixed in the species, a fundamental 
principle, a natural law under the cogent influence of which the whole living 
world stood from the very beginning and still stands in our days. 
3. Monoecism and dioecism are objective laws of nature. 
With the above fundamental law by necessity an other biological law is 
linked according to which in the sexual processes the evolution of the species 
and the formation of new species is furthered in the first place by heterofertili-
zation. This principle materialized in the vegetable kingdom by different means. 
Its simplest way is seen in the unicellular organism where within the species 
individuals of opposite sex, monoecious or dioecious come into existence. If on 
the other hand the individuals are multicellular, the sexual cells of different 
sex develop either in the various cells or organs of the same individual, when 
the individuals are essentially again monoecious, or the male and female sexual 
cells, the gametes, develop in the cells or organs respectively of two different 
individuals, consequently the members of the species sexually, physiologically 
and morphologically completely separate from each other, thus the individuals 
are essentially dioecious. 
Monoecism or dioecism are in all phylogenetic stages invariably carried by 
the sexual cells (gametes) or the asexually originated cells (spores) or by the 
seeds arising from the sexual process in a way that in each phylogenetic stage 
monoecism or dioecism according to the environmental conditions always ap-
pears. Thus monoecism and dioecism form a basic biological law and their im-
mediate causes can be always traced back to contrasting chemical compounds of 
to cell particles by which they are carried. 
In the course of phylogeny monoecism and dioecism materialized in the 




IV. Monadophyta Monoecism Dioecism Dioecism 
(Flagellatae) Isogamy Horn ogam y Anisogamy 
V. Algopbyta 
Heteromorphism (Chloropbyta) I sozygote Homozygote 
(multicellular) 
Anisozygote VI. Bryophyta I sospore Horn o spore 
and Charopbyta > 
VII. Psilopbyta isospore (?) Homospore (?) An isospore? 
VIII . Pteridophyta I sospore Horn o spore Heterospore 
IX. Pteridospermae Isospermy Homospermy (Heterospermy?) 
X. Gymnospermcte Isospermy Homospermy (Euspermy?) 
XI . Chlamydospermae — Homospermy (Euspermy?) 
XII . Angiospermae Isospermy Homospermy Euspermy 
Accordingly in the various developmental stages monoecism and dioecism 
from the condition of the unicellular gametes to the Angiosperms always existed 
and continue to exist in our days. 
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4. The branching of monoecious and dioecious plants. 
Both monoecism and dioecism appear in the various developmental stages 
never in a single form but invariably in 2 or 3 basic forms of branching. The 
unicellular organisms exhibited an incredible variety of forms; the main types 
of branching began to develop from them. 
The main types of the branching in multicellular organisms can be traced 
back in the final result to 3 basic types, the monopodia I, dichotomous and 
verticil late types. These 3 main types of branching were from the multicellular 
stage of Algae to the stage of Angiosperms in all periods closely connected 
with sexuality and although they underwent some modification in the course 
of phylogeny still they maintained the ancient character of branching even on 
the most developed forms until the present day. 
Within the individual developmental stages and systematic groups there 
are so deep differences in branching that it is almost impossible to assume that 
they might have originated from each other, e. g. Musci and Hcpaticae within 
the Mosses, and Lycopsida, Pteropsida and Sphenopsida within the Pterido-
phita. 
5. The joint appearance of (1) sexuality, (2) monoecism-dioecism 
and (3) branching in the various phylogenetic stages. 
In the Table which follows, the 3 main forms of sexuality; monoecism, 
homomorphous and heteromorphus dioecism are established and brought into 
connection with the systematic categories prevailing in our days and with the 
three main forms of branching. 
If from this survey it can be established that in the course of evolution 
the individual phylogenetic stages always appeared in the three main types 
of branching and in the condition of monoecism or dioecism (isogamy, homo-
gamy, anisogamy, isospore, homospore, anisospore, isosporophyllum, homos po-
rophyllum, heterosporophyllum, isospermy, homospermy and euspermy) so it 
can be surmised and properly so, that the individual phylogenetic stages in the 
course of the history of evolution continued or have been modified always in 
the same type of branching from which they themselves derived. Since these 
main types of branching, i. e. the monopodia!, dichotomous and verticil late 
types of branching existed from the alga! stage to the Angiosperms, and con-
tinued to exist to our days, so the assumption is justified that the higher forms 
of monopodia! branching derived from the less developed but also monopodial 
stages and not from the dichotomous or verticil late. This assumption is also 
inversely valid, namely these main types of branching did not originate anew 
in each higher developmental stage and in each subsequent geological period. 
E. g. all three forms of branching of the Psilophytes of the Devonian or all 
three forms of branching of the Pteriodophytes of the Carboniferous, or all 
three types of branching of the Gymnosperms or Angiosperms of the Permian 
brought both their monoecious and dioecious conditions and types of branching 
with them from the previous periods, for instance the Monocotyledones the 
dichotomous and the Dicotyledorics the monopodial branching. 
It should be noted by the way that there is no perfectly dichotomously 
branching dicotyledonous lignous plant nor ever has been; such can occur 
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only among the Monocotyledons (Palmae, Yucca, Dracaena etc.). — Conse-
quently the development must have been from the very beginning and by neces-
sity polvphyletic, because it can be explained only by such polyphyletic deve-
lopment that in the existing systems at the same developmental stage forms of 
widely different branching could get beside each other the derivation of which 
from each other is not possible with any effort. 
The individual evolutionary phases (I—XII) and within these the types 
of branching and the distribution of the sexual organs are included in the 
following combined table in which the author intends to present the evolu-
tional system of the fresh water and terrestrian plants independently of the sea 
plants. In a separate global table the author presents his triphyletic evolu-
tionary system including the characteristic représentants of both fossil and 
recent fresh-water and terrestrial vegetation according to evolutionary degrees 
and geological ages. The distribution of the system is as follows. 
S U M M A R Y 
Stage I. Inorganic and organic substances + and — compounds. 
S t a g e II. Virophyta 
+ and — compounds , t w o opposi te effects of U N A . 
S t a g e III . Bacteria a n d Cyariophyceac. 
1. Isogamy (monoecism)? 
2. H o m o g a m y (dioecism)? 
S l a g e I V , Monadopbyta ( Flagellai,ze) 
!. I sogamy 
(monoecism) 
Protococcales Heterocontae Volvocales 





3. A n isogamy 
(dioecism) 
Volvocales 
S t a g e V. Algopbyta (Cbloropbyta) 
Cell filament Monopodia! Dichotomous 
b r a n c h i n g 
Vertieillate 
1. i sozygota 
(g, monoecism) 
Oedogoniales 




















4. H o m o m o r p h o u s 
(dioecism) 
Siphonocladales 
Sx phonal a s > Ulotrichales 
48 P. GREGUSS 
Stage VI. Bryopbyta and Cbaropbyta 
1. Isospore 
(g. monoecism) Musci 
2. Homosporc 
(g. dioecism) Musci 
3. Anisospore 
(dioecism) Musci 
S t a g e VII , Psilophyu 
1. Isospore Homea 
(g. and sp. monoecism) Rhynta 
2. Homosporc 
(g. dioecism sp. dioecism) 
3. Anisospore 
(g. dioecism sp. monoecism) 
Stage VII I . Ptertdopbyta 
1. Isosporophyllum 
(g. and sp. monoecism) 
2. Homosporophyl luni 
(g. dioecism, sp. monoecism) 
3. Hetcrosporophyl lum 
(g. dioecism, sp. monoecism) 
Stage I X . I'teridospermae 
1. Isospermy 
(g. dioecism, sp. monoecism) 
2. Homospermy 
S t a g e X. Gymnospermae 
1. Isospermy 
(g. dioecism, sp. monoecism) 
2, Homospermy 














(hermaphrodi te?) I 'Coni fer ae? ) 




(g. and sp. dioecism) Guctum 
Stage XII. Angiosptrmae 
1. Isospermy 
(g. dioecism sp. monoecism) 
2, Homospermy 
(g. and sp, dioecism) 
l. Eu sperm y (hermaphrodi te) Pialipetalae 





hoë le s 
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Natural system of the Landsplants (after the author) 
i. Stage Virophyta 
II. Stage Anucleophyta 
III. Stage Monadophyta 
IV. Stage Algophyta 
(Mykophyta) 
1. Chloropbyta 2. Chlorophyta 3. Chlorophyta 
(Lichenes) (Pbacopbyta [ f ] ) (Rbodophyta(?)) 
I, Musci 
V. Stage B r y o p h y t a et C h a r o p b y t a 








VI. Stage Psilophyta 
2. Propteropsida 
VII. Stage Pteridophyta 
2. Pteropsida 
VIII. Stage Pteridospermae 
2. Pterispermae 
IX. Stage Gymnospermac 
2. Homospermae 
(Cycadales) 
X. Stage Chlamydospermae 
2. Welwitscbiales 









This survey is intended as the expression of a concept concerning the 
polyphyjetic evolution of the vegetable kingdom, the probability of which 
— as demonstrated by the foregoing — is supported by a number of positive 
facts and natural laws. 
The principles of the above concept were laid down by the author as a 
young botanist 47 years ago in his paper "Ein Gedanke гиг polyphyletiscben 
Entwicklung der Pjlanzeniuelt" (Beihefte zum Bot. Centralblatt, [918.) and 
expounded in the present paper probably for the last time. Supported by 
new scientific arguments the discourse might contribute to the elucidation of 
an extremely important and interesting problem. 
-I Леи FSitilogica 
5 0 Г. GREGUSS 
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S P O R O P H Y T A S P E R M A T O P H Y T A 
PTERIDOSPERMAE P T E R I D О P Н У Т А G Y M N O S P E R M A E P S I L O P H Y T A B R Y O P H Y T A C H L A M Y D O S P . AN6IOSPERMAE ALGOPHYTA 
I s o s p e r m i a ( M o n o e c i a ) I s o - h o m o s p o r i a H o m o s p e r m i a ( O i o e c i a ) H o m o s p e r m i a ( D i o e c i a ) I s o - h o m o - e u s p e r m i a R A M I F 
J l ialipetolae 
Degenerio 
Pinoceae Selaginella Eriopus Lycopodium 
Pleurocorpi 
Chlorophyceae 
Orepanoshucus j f f l o n o c h l a m y d e a e 









Horneo Sphenolepidium Lepidodendron M O N O R 
Filicinae i tusporangiotae 
Cycadinae 
Psilotum rtydropterides Taxales 
F i l i c inobS leptosporangiatae 
Palmoe Tmesipteris f Hepaticae 
Isoéta les 
Neuropteris uliifloroe Porkerioceae Palaeotaxus 
Asfsroxylo; 
C h l o r o p h y c e a e Welwibchia P l e u r o m e i o I S * Williamsonia 
Mf^y. ^BenneBrltiJ 
Archeopodocarpus S 
Clodoxylon W [ / 9 Physostoma Araucariaceae 
Hepaticires 
Podocorpoceae' 4 M 
Megaphyton 
Cyperales 
Zosterophyllum Aneurophyton •ledullosae ' f e w * 
в а г ^ ' ' " 'O/Coenopteridales 
Lyginodendron 
Asterotheco Yuccites Cordaites Odonopteris Pseudosporochnus 
Taeniocrado Baiero 
Foerstio C o y t o m a i e s c c d E C ; d e a 
« (Bennf Hiles) 




(Chamaecypans) C u p r e s s a c e a e Casuorinaceae 
- ^ S c h i z o n e u r a 4 . 
C h a r a c e j e 
Phyllotheco 
CheirostroDus Protocalamites 
C h l o r o p h y c e a e Calomophyton 
Calamostachys Lalomiiocarpon 
Pseudobornia 
V E R T I C I L L Sphenophyllum Calamites Neocalamites 
Asterocalamites 
Rojzoíta: DÛRFUN6ER E. 
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